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Abstract

:

Poland is Europe’s leader in international freight transport. The majority of companies in the Polish logistics sector are small-sized enterprises with limited human and material resources, which reduces their ability to implement corporate social responsibility practices. In this paper, we explore the logistics solutions (tools and practices) implemented by companies in the logistics sector to manage their business operations through the prism of the triple bottom line (TBL). We assume that a company might achieve sustainable performance even if it focuses mainly on the implementation of logistics solutions for economic performance, as some of those tools and practices also have an impact on the environmental and social performance without being dedicated to them per se. We define sustainable logistics management maturity (SLMM), as the extent to which a company implements modern logistics solutions (tools and management practices) to improve performance with regard to the economic, environmental, and social dimensions of sustainability. Results from focus group research are presented, where experts have assessed the impact of tools and management practices in logistics management on the economic, environmental, and social dimensions of sustainability. Then, we define the overall sustainable logistics management maturity indicator (OSLMI) to allow comparison and benchmarking between companies in the logistics sector. The maturity theory is applied, as it is a suitable tool for the positioning and benchmarking of companies. Through the conceptual model, we link the capabilities of a company (expressed by the application of the logistics solutions) with factors related to the company’s characteristics (size, business profile, source of capital), and the ability of a company to achieve a certain maturity level. The maturity concept is used here to measure the effectiveness of the performance of companies. We use a database of 190 Polish companies from the logistics industry to verify three research hypotheses. Bayesian statistics is applied to verify the existence of a relation between the level of SLMM and a company’s characteristics (size, scope of economic activities, and structure of capital). Statistical analysis proves that the size of a company and the type of economic activities it engages in affect its ability to achieve a higher degree of maturity.
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1. Introduction


In the last decade, we have been able to observe a shift in the paradigm in the logistics sector by linking sustainability with improved company performance [1,2,3]. Sustainability practices at a company level are often analyzed by the triple bottom line (TBL) framework, which distinguishes three dimensions: economic, environmental, and social [2]. The TBL provides a holistic view of company performance [4].



The logistics sector is an interesting area for the investigation of sustainability [5] as logistics service providers link several participants in the supply chain, and transport and/or store goods on their behalf. Bandeira et al. [6] and Stindt [7] state that the measurement of the sustainability of logistics activities can significantly contribute to achieving UN SDG 12 “Responsible consumption and production”. Logistics service providers cooperate with different supply chain participants, and, thus, they are exposed to disturbances that appear in the economy. In a systematic literature review, Chowdhury et al. [8] have identified that the pandemic created an ambiguous effect on the supply chain. Interest in environmental and social issues seems to have been suppressed by financial problems and a focus on building resilience strategies in a disruptive pandemic world. Martins et al. [9] and Hong et al. [10] postulate that there is a research gap as regards the implementation of sustainability practices in logistics.



The studies on sustainability in a company are often focused on the corporate sustainability approach, which encompasses the environmental, social, and economic needs of all the stakeholders [11,12]. However, the corporate sustainability approach requires dedicated human and financial resources, which are often not available in small- and medium-sized enterprises.



Poland is an interesting market for a study in the logistics sector. According to the data from Eurostat, the Polish logistics sector has a very high share in tonne-kilometers terms in freight transport in the European Union (16, 4% of total EU) [13]. Poland holds predominance in cabotage activity. In 2018, Polish haulers were the main third-country haulers in country-to-country transport of goods in the EU [14]. According to Central Statistical Office (GUS) data, in 2018, the transport and warehousing providers accounted for 12% of enterprises in Poland [15]. In addition, logistics service providers generate the largest GDP impact among Polish service enterprises [15].



At the same time, Polish transport companies are mainly micro- and small-sized enterprises with a strong focus on cost reduction and effective management at the operational level. The environmental and social aspects are not a priority in their operations management. Therefore, it is important to explore if the current business practices have the potential to contribute to all three dimensions of sustainability.



In this paper, we explore the logistics solutions (tools and practices) implemented by companies in the logistics sector to manage their business operations through the prism of the triple bottom line (TBL). We assume that a company might achieve sustainable performance even if it focuses mainly on the implementation of logistics solutions for economic performance, as some of those tools and practices also have an impact on the environmental and social performance without being dedicated to them per se. We aim to explore how to assess the sustainable performance of companies, if they do not define their performance goals with regard to the three dimensions of sustainability.



To measure the performance of logistics service providers, we define the concept of sustainable logistics management maturity (SLMM), as the extent to which a company implements modern logistics solutions (tools and management practices) to improve performance with regard to the economic, environmental, and social dimensions of sustainability.



In the next subsection, we discuss the related works that contributed to the development of this concept.



1.1. Related Works


1.1.1. Sustainable Performance of Logistics Services Providers


Studies on sustainability in supply chain management are mostly focused on the manufacturer perspective, and, thus, they are not relevant to analyzing the performance of logistics service providers [16]. Most of the previous research conducted in this area of sustainability in the logistics sector assesses the possibility to reduce the environmental impact of logistics operations [17,18]. Centobelli et al. [19] analyze, through a systematic literature review, the environmental sustainability of logistics service providers (LSPs). They provide a taxonomy of green initiatives of LSPs and conclude that their link to sustainability performance is not fully investigated. They identify factors enabling sustainable performance, such as (inter alia): company size, quality of the human resources, and willingness of the decision-makers to engage in sustainable initiatives. Evangelista et al. [20,21] investigate if environmental sustainability is a priority in decision-making at LSPs. They identify internal and external factors related to the sustainability of the performance of LSPs. They suggest that most papers consider only large companies in the logistics sector, which implement corporate social responsibility strategy. Therefore, they make an extra effort to include medium-sized LSPs, to explore their approach towards sustainability. They identified internal factors such as the willingness of the decision-makers to engage in sustainable initiatives, cost reduction and pressure on profitability, and maintaining company image. Bask et al. [5], investigated entities (600 surveys) in the logistics sector to identify (among others) the characteristics of a company that is prone towards sustainability. They conclude that globally-operating LSPs are the most interested in environmental issues, and they outperform their smaller competitors. They state that sustainability should be integrated into operations management. A focus on small-sized enterprises is very rare in studies on sustainability in the logistics sector. Abbasi and Nilsson [17] try to include SMEs (at a very limited scale) in their study, on the sustainable performance of the LSPs. They find out that LSPs perceive that “their efforts to provide more environmental solutions do not pay off since they are not prioritized when they come in conflict with cost or time”. Therefore, we make the assumption that small- and medium-sized enterprises (as they have limited resources) give priority to economic/profit-related issues. They are followed by environmental concerns, and, thereafter, social/people performance [17]. In our database micro- and small-sized enterprises are dominant. Therefore, we contribute to the existing research gap on the assessment of LSPs performance, as most studies include mainly large enterprises.



In previous studies, we have investigated [22,23,24,25,26] the issues related to the assessment of the performance of the LSPs by application of the logistics management maturity (LMM) framework. The LMM defines the extent to which a company implements modern logistics tools and practices (also referred to as “logistics solutions”) to improve its operations. In previous research [22,23,24,25,26], we have identified and analyzed 65 tools used in the field of logistics management [26,27]. Logistics solutions, which we previously analyzed, have proven to be relevant to achieving economic/profit-related performance. In this research, we extend our previous studies, and explore the links between these logistics solutions and the environmental and social/people-related performance of LSPs. Based on the previous research of Pfohl et al. [28], we link the performance of logistics management to a company’s internal capabilities. Internal capabilities are expressed by the ability to implement logistics solutions in business operations. Companies search for guidelines on how to improve their capabilities and integrate sustainability in their business goals at the operational level [29,30,31]. The ability to compare and benefit from benchmarking in a particular sector is an important element of the transition towards more sustainable business performance [32,33,34]. The maturity models are suitable positioning and benchmarking tools, and, thus, we used this method in our study.




1.1.2. Maturity Models for Sustainability Assessment


We performed a literature review in Scopus Web of Science and Google Scholar for the term: sustainable logistics management maturity. The results were not satisfactory, as we found a very limited number of relevant works. For that reason, we decided to proceed with the critical literature review on general maturity models for sustainability assessment.



Maturity models (MMs) are currently recommended by researchers as a framework for sustainability assessment in a company [35,36,37,38]. Pullen [37] defines MMs, as “a structured collection of elements that describe the characteristics of effective processes at different stages of development”. The advantages of MMs are their simplicity in application and their evolutionary character, as they may gradually guide a company towards excellence in the analyzed domain [39]. According to Röglinger et al. [40] maturity models allow for internal or/and external benchmarking and are suitable as reference models.



In this paper, we apply the maturity model theory to provide a framework for the comparison of different companies in the logistics sector with regard to the level of application of modern logistics solutions for sustainable logistics management. The existing MMs for suitability assessment focus on sustainable supply chain management [39], corporate social reasonability [41], and product development and life cycle management [42]. They are not relevant for an analysis of small- and medium-sized logistics service providers, as they do not consider the evolution of a company’s capabilities towards sustainable operations. Examples of the application of MMs in the area of logistics are very limited [27,43]. The most holistic models by Battista et al. [43] and Battista and Schiraldi [44] focus only on economic/profit-related performance. Machado et al. [35] explore the use of MMs to trigger changes in business processes towards more sustainable performance by the integration of sustainability into operations management. The model identifies five maturity levels with a focus on corporate social responsibility from basic compliance with the minimum regulations towards the top maturity level with fully sustainable performance. That framework is designed for large companies with dedicated resources to develop CSR. Such solutions are not suitable for SMEs with limited resources.





1.2. Aim and Originality of This Study


Studies on small- and medium-sized enterprises (SMEs) are underrepresented in the literature. SMEs have limited human and material resources, and, thus, they struggle to implement complex solutions for corporate sustainability. We explore the logistics solutions (tools and practices) that are implemented by companies with a focus on achieving economic/profit-related performance, and we assess their relation to the three dimensions of sustainability.



How can we assess the sustainable performance of companies, if they do not define the performance goals with regard to the three dimensions of sustainability?



We asked experts in a focus group research to assess the impact of the implementation of different solutions in logistics management on the economic, environmental, and social dimensions of sustainability. Then, we defined the overall sustainable logistics management maturity indicator (OSLMI) to allow comparison and benchmarking between companies in the logistics sector. The maturity theory is applied, as it is a suitable tool for the positioning and benchmarking of companies. Through the conceptual model, we link the capabilities of a company (expressed by the application of the logistics solutions) with factors related to the company’s characteristics (size, business profile, source of capital), and the ability of a company to achieve a certain maturity level. The maturity concept is used here to measure the effectiveness of the performance of a company. We used a database of 190 Polish companies from the logistics industry. Three research hypotheses are stated and verified. Bayesian statistics is applied to verify the existence of a relation between the level of SLMM and company size, the scope of economic activities, and the source of capital.



The paper is organized as follows: First, the background and motivation for this study are presented in Section 1. In Section 2, the methodology is described, and the research questions and research hypotheses are discussed. In Section 3, empirical testing is provided. The discussion of the results is presented in Section 4. The final conclusions, benefits, and limitations of the study, and further research are discussed in Section 5.





2. Materials and Methods


2.1. Scope of Research and Conceptual Model


The scope of this research encompasses logistics service providers, defined as an enterprise classified under the Statistical Classification of Economic Activities in the European Community, Rev. 2 (NACE Rev. 2) in section H. This section includes the provision of passenger or freight transportation, whether scheduled or not, by rail, pipeline, road, water, or air and associated activities such as terminal and parking facilities, cargo handling, storage, etc. Included in this section are also postal and courier activities.



We investigate the logistics solutions (tools and practices) that companies use for economic/profit-related performance, and chose the solutions (in focus research) that also have an impact on environmental and social performance, without being dedicated to them per se. We assume that a company can achieve sustainable performance even if it mainly focuses on the implementation of logistics solutions that support economic performance. We define the concept of sustainable logistics management maturity (SLMM) as the extent to which a company implements modern logistics solutions (tools and management practices) to improve performance with regard to the economic, environmental, and social dimensions of sustainability.



We define maturity, as the capability of a company to achieve the goals by application of the solutions, which support the achievement of this goal. A maturity model is an evolutionary approach, which guides the company from current to future (more desirable) state with regard to its performance in the analyzed context. In our case, the context is constituted by the three dimensions of sustainability. The primary goal of the maturity model is to allow for the positioning of the current capabilities of a company to trigger a transition. A capability is a repeatable pattern of activities in the use of resources to offer products/services to a market [45]. In accordance with the work of Pfohl et al. [28], logistics management capabilities are created internally in a company by people, technology, organization of processes, and learning from previously performed tasks [28]. The internal capabilities determine the performance of logistics management. We assume that internal capabilities define the choice of applied logistics solutions. Thus, logistics management maturity is the extent to which a company implements modern logistics tools and practices (also referred to as “logistics solutions”) to support the management of its logistics activities [24,25,26,27,28].



In this paper, we propose an approach for the positioning of a company with regard to its performance in the context of the three dimensions of sustainability, even if the company does not implement the corporate sustainability strategy.



In the conceptual model (in Figure 1) we place the concept of the Sustainable Logistics Management Maturity (SLMM) at the center. Based on the previous research of Pfohl et al. [28], we link the performance of logistics management to a company’s internal capabilities. In the research of Pfohl [46], the internal capabilities determined the effectiveness of logistics management and the ability of a company to achieve goals. In our approach, we substitute the “effectiveness of performance” by “maturity of performance”. As the effectiveness is “doing things right” [47], we assume that the more mature the company is, the better its performance will be in the analyzed context (dimension of sustainability). We use the concept of maturity (and maturity model theory), as the maturity model describes the integration of practices from a basic state to an improved state [36].



For the benchmarking of companies in the logistics sector, we need a flexible assessment framework due to the different characteristics of companies. We characterize a LSP by three dimensions: employment size (micro-, small-, medium-sized enterprise, and large company), business profile (a dominant type of logistics service), and source of capital (national, international). We further consider two dominant business profiles in Poland, namely, transport services and warehousing. The data on the role of transport from Eurostat is presented in the Introduction section. Polish warehousing is becoming the largest warehousing sector in Central and Eastern Europe, with over 1 million sqm of new space delivered to the market, between H1 2019 and H1 2020 [48]. Warehousing investments in the first half of 2020 came to almost EUR 1.2 billion [49]. Yield rates on warehouse investments in Poland are higher than in other European countries [50].



The common opinion in the Polish logistics sector is that companies with “foreign capital” achieve better performance. Thus, the source of capital is included to verify whether the source of capital enables to achieve more “mature” (more effective) performance in the context of sustainability.



In the conceptual model (Figure 1), the internal capabilities of a company are represented by its ability to apply logistics solutions. In the research questions, we link the capabilities of a company in logistics management, with regard to the three dimensions of sustainability (as sustainable logistics management maturity), with the company’s characteristics. We formulated four research questions:




	
QP1: How to classify the levels for sustainable logistics management maturity in the logistics sector?



	
QP2: Is the level of SLMM determined by the scope of services provided by a logistics operator?



	
QP3: Is the level of SMLL determined by the size of employment in enterprise?



	
QP4: Is the level of SLMM determined by the source of capital?








Question QP1 has a preparatory character and helps us to structure the capabilities of a company and design a new way to measure them. We analyze the internal capabilities of a company to achieve a certain level of maturity in economic, environmental, and social performance. To do so, we conduct focus group research and choose the most relevant (with stronger impact) solutions among those currently applied in companies. The results of the focus group are presented in the next subsection. We apply the term sustainable logistics management maturity, which we understand as the extent to which a company uses the solutions from the catalog of logistics solutions that support sustainability (from the focus group research). Then we classify the current “as-is” state of the companies to a certain level of maturity. The classification is necessary for positioning and benchmarking the companies, as maturity models should allow a company to identify the maturity gap (defined as the difference between the future desired state and the current state/position of a company)



Questions QP2–QP3 seek to answer whether the characteristics of companies are internal enablers of performance that is more mature (therefore, more effective) with regard to the three dimensions of sustainability.




2.2. Identification of the Tools and Practices Used by Logistics Service Providers and Their Impact—On the TBL Performance


In order to identify logistics solutions that support the sustainability of a logistics service provider (LTs set), we used the catalog of LTs identified in our previous project “Study of the logistics maturity of service enterprises”, financed by the National Science Centre (grant No. 2016/21/D/HS4/02116). In that project, a set of 65 logistics tools was developed, the use of which determines the logistics management maturity of an enterprise. The initial set of LTs was presented to the experts. During the focus group research, we asked the experts to identify and assess the impact of the implementation of technologies and practices in logistics management on the economic, environmental, and social dimensions of sustainability.



We adopted the following criteria for the selection of experts:




	
C1: practical knowledge in the area of sustainable development with a minimum of 5 years of experience in the company,



	
C2: theoretical knowledge in the area of sustainable development with a minimum of 5 years of experience in scientific research,



	
C3: minimum of 5 years of practical work experience in the logistics sector,



	
C4: minimum of 3 years of experience in scientific research in the logistics sector.








The experts had to meet at least two of the selection criteria. Table 1 shows the characteristics of the focus group.



The selected focus group was characterized by an equal share of experts, practitioners, and scientists. The experts answered the questions concerning the assessment of the impact of each logistics solution (LT) on a company’s ability to achieve sustainable performance (economic, environmental, and social). During the focus group research, we asked the experts the following questions:




	(1)

	
Can those tools contribute to improving the performance of a company with regard to the three dimensions of sustainability?




	(2)

	
If yes, what, in your opinion, is the strength of such an impact?









For the assessment of the impact, the experts used binary assessment, where:




	
1-LT has a positive impact on the dimension of sustainable development,



	
0-LT does not affect the sustainability dimension.








The experts used a questionnaire, which included a set of 65 logistics tools from [24,25,26]. The study took place in July 2020. On the basis of the results, we obtained a set of 36 logistics tools, which, in total, received the highest number of indications by experts. In this way, we identified logistics tools (LTs set) that support sustainable logistics management. Based on the responses of experts, in the next stage of the research, we determined the strength of the impact of the logistics tools on individual dimensions of sustainability (indicated in Table 2 as wix). Table 2 presents the average values (the arithmetic mean) of the experts’ responses.



As can be seen from the data in Table 2, each LT affects the dimensions of sustainability, but the strength of this impact is different. By analyzing Table 2, we can assess which logistics tool has the greatest total impact strength, taking into account the wix value. We can state that LT11 has the strongest impact—storage initiatives for corporate social responsibility and environmental protection (the total strength is w11e+env+s = 2.56, which is 85% of the maximum possible total impact strength equal to 3). According to the experts’ opinions, the weakest correspondence with the dimensions of sustainability is shown by LT 28—“Calculation of procurement costs”, which does not affect the environmental dimension, has a minor impact on the social dimension (w29s = 0.25) and a simultaneous strong impact on the economic dimension (w29e = 0.88).




2.3. Development of an Indicator-Based Method for Classifying Sustainable Logistics Management Maturity (SLMM) at Companies


For measuring sustainable logistics management maturity (SLMM), we propose the overall sustainable logistics management indicator (OSLMI). The OSLMI illustrates the extent to which a company implements logistics solutions (hereinafter, referred to as LTs, including tools and management practices), which are relevant to achieve performances that contribute to the economic, environmental, and social dimensions of sustainability (Equation (1)):


OSLMI = SLMeI × SLMenvI × SLMsI



(1)




where



SLMeI—indicator of application of the LTs to achieve economic performance



SLMenvI—indicator of application of the LTs to achieve environmental performance



SLMsI—indicator of application of the LTs to achieve social performance



The individual components of the OSLMI are calculated using the following formula (Equation (2))


   S L M x I =   ∑   i = 1  n  (  w  i x   × s )    and   SLMx I ϵ < 0 ;   100 % >    



(2)




where



x—is a set of the dimensions of sustainability, x ϵ {e, env, s},



wix—strength of the impact of a LT on the dimension of sustainability,



s—use of a given LT by the enterprise; s ϵ {0.1} where 0—logistics tool is not used or is unknown in enterprise, 1—logistics tool is used in enterprise.



N—is a set of logistics solutions.



SLMxI is expressed as a percentage [%] and it measures the extent to which a company uses LTs, which support the achievement of performance in the economic, environmental, and social dimensions. The reference value is 100%, and it means that a logistics service provider applies all LTs. The value of 0% indicates that no LTs are used in a company. Intermediate values indicate the application of a certain group of LTs. The strength of the LTs’ impact on a given dimension of sustainability is different. The value of “n” may vary depending on the output of the focus group assessment. The set of logistics solutions is flexible, as it can be adjusted by the participation of different experts if it would be relevant in the context of a different country.



Overall, sustainable logistics management indicators range from 0% to 100%, and allow for the classification and comparison of different logistics service providers in a synthetic way. Defining SLMML results from the assumption in this research that the logistics solution (LTs) applied by companies will translate into management decisions that support the three dimensions of sustainability. The consequence of this approach is the classification of companies at an appropriate maturity level from SLMML1 to SLMML5. The classification rule is presented in Table 3.



The range of the OSLMI score in Table 3 is a result of Equation (1). The OSLMI score is a result of the multiplication of the indicators: SLMeI, SLMenvI, and SLMsI. They are calculated from Equation (2). and their value range is from 0% to 100%. We assume even distribution of SLMeI/SLMenvI/SLMsI between the maturity levels. SLMeI/SLMenvI/SLMsI values for the first level belong to (0%; 25%), for level 2 <25%; 50%); Level 3 <50%; 75%), and level 4 takes values < 75%; 100%). Level 5 is a benchmark so only the value 100% is relevant. The multiplication (as in Equation (1)) of the SLMeI, SLMenvI, and SLMsI values provides the OSLMI range as indicated in Table 3.



According to the classification rules in Table 3, level 5-SLMML5, should be treated as a reference level (the highest achievable level). It is a benchmark that enterprises should aim for, indicating that a company uses all logistics solutions (LTs) relevant to performance with regard to all three dimensions of sustainability.



Our methodology for determining the SLMML also assumes that the value of the OSLMI might be 0%, which means that the enterprise is immature in terms of sustainable logistics management. The OSLMI takes the value of 0% when at least one of its components: SLMeI or SLMenvI or SLMsI is equal to 0%, and this is a basis for assessing such an enterprise as immature. Figure 2 presents the procedure for classifying companies based on the OSLMI value. The application of the OSLMI provides the answer to research question QP1.




2.4. Definition of the Research Hypotheses


After developing the SLMM measurement method, we defined the following research hypotheses on the basis of the research questions (QP2–QP4):



Hypothesis 1 (H1).

The size of employment in the enterprise has an impact on the SLMML (sustainable logistics management maturity level).





Hypothesis 2 (H2).

The business profile has an impact on the SLMML (sustainable logistics management maturity level).





Hypothesis 3 (H3).

The source of origin of capital has an impact on the sustainable logistics management maturity level.





In the research hypotheses, we link the capabilities of a company in logistics management with regard to the three dimensions of sustainability (as Sustainable Logistics Management Maturity) with the company’s characteristics. Hypotheses H1–H3 seek to answer whether the characteristics of a company (company size, business profile, and source of capital) enable more mature (therefore, more effective) overall (economic, environmental, and social) performance.



The hypotheses were verified for credibility by the application of Bayesian statistics. Bayesian statistics differs from the traditional frequentist statistics, as it can cope with uncertainty [51]. It provides a rational, mathematically sound approach to test the credibility of the prior beliefs/hypothesis (and refine them), based on the arrival of new data to produce an updated posterior belief/hypothesis. Therefore, it can cope in a situation where the data for traditional testing (representative sample) is not available. It is suitable to test hypotheses in an uncertain situation with limited information [52].




2.5. Data for the Verification of Research Hypotheses


The verification of the research hypotheses was carried out for the population of N = 190 of Polish enterprises providing transport and storage services. Data were extracted from the database covering 2000 Polish service enterprises and 65 logistics tools (The database was created within the framework of a grant entitled “Study of the logistics maturity of service enterprises”, financed by the National Science Centre (grant No. 2016/21/D/HS4/02116)). The characteristics of the researched population of 190 logistics service providers are presented in Figure 3.



Micro enterprises (up to 10 employees) dominated the study population. Micro and small-sized companies constitute 96% of our surveyed population. There were no medium-sized enterprises (51 to 250 employees) in the studied group. This is not the result of any deliberate action. These enterprises did not agree to participate in the study. The highest share of the population is characterized by enterprises providing services related to the transport of both people and goods. In the surveyed population, the share of enterprises whose capital comes from outside Poland is small.



Quantitative data on the 36 logistics tools selected by the experts (in accordance with the results in Table 2) for 190 logistics operators were extracted from the database (see results in Figure 4). The most frequently used LTs by logistics service providers (by over 60% of the surveyed enterprises) were:




	
LT12 Calculation of shipping rates and fees,



	
LT27 Maintaining long-term relationships with the supplier.








Logistics solutions that were rarely used:




	
LT17 Assessment of the transport service provider using various criteria,



	
LT35 Z-WAVE protocol.








These solutions were used by approx. 1% of the surveyed service enterprises. According to the experts’ opinions, those LTs that had a strong impact on the three dimensions of sustainability, therefore, largely determined the SLMML.





3. Results


Based on the results of the research of logistics operators regarding their use of logistics tools—LTs, we calculated the OSLMI. Then, we classified enterprises for sustainable logistics management maturity level in accordance with the principles presented in Table 3. The summary of the results of the classification procedure is shown in Figure 5.



On the basis of the obtained results, we concluded that the majority of logistics service providers achieved the first level of sustainable logistics management maturity (SLMML1). This means that they were applying logistics solutions that, according to experts from the focus group, were characterized by a low impact on the dimensions of sustainability (or they were using few logistics tools with high impact strength). None of the surveyed enterprises reached the highest level of sustainable logistics management maturity (SLMML5). Some of the surveyed enterprises (11) were immature, as their OSLMI = 0%. Those enterprises provided transport services and had fewer than 10 employees, or were self-employed.



We applied the results of the OSLMI calculation for the verification of the research hypotheses.



3.1. Descriptive Analyses


Data analyses were carried out using R 4.0.2 statistical software [51]. The most frequent value of the SLMML variable was 1 (Figure 6). On the descriptive level, the SLMML appeared related to company size, with proportions of higher SLMML levels increasing, as company size increased (Figure 6). The proportion of the SLMML levels equal to 2 was noticeably higher among companies offering storage, as compared to companies offering transport (Figure 6). Finally, among companies with Polish capital, the proportion of the SLMML level equal to 2 was smaller than among companies with foreign capital. Moreover, among companies with Polish capital, the SLMML levels 0 and 3 were present, as opposed to companies without foreign capital (Figure 6). In Figure 6 (for the SLMML and company size relationship) the size of the points is proportional to SLMML levels within each company’s size group.




3.2. Modeling Results


To model the relationship between company size, service type, source of capital (fund source), and SLMML Bayesian ordinal regression with probabilities of each category was computed with the cumulative model [52]. Service type and the source of capital were coded with orthogonal sum-to-zero contrasts and company size was modeled as an ordered factor with monotonic effect [53].



In Bayesian statistics, the inference was based on analyzing the posterior probability distributions of model parameters (e.g., regression weights), obtained by integrating likelihood (data) with prior probability distributions. Point estimates of the effective means of the posterior distributions were presented. Regression weight should be statistically credible when 95% credibility intervals (CI) of the posterior distribution exclude zero [54]. Default improper flat priors were used for the regression weights. Point estimates of the effective means of the posterior distributions were presented. In order to achieve the approximated posterior distributions of the models, a Markov Chain Monte Carlo (MCMC) sampling procedure was conducted using the brms package [55]. Four parallel chains were used, each consisting of 8000 samples, with 4000 samples used as the warmup period and every 10th sample recorded, resulting in 2400 recorded samples in total. The sampling procedure was efficient and resulted in well-mixed and not autocorrelated chains and unimodal posteriors. Model accuracy was assessed with posterior predictive checks. Model predictions are summarized graphically in Figure 7. Please note that the probabilities indicated in Figure 7 sum to one within levels of each predictor. Vertical lines were 95% credibility intervals. Intercepts were estimated distances between consecutive levels of the SLMML on a standard normal scale.





4. Discussion


In this research, we defined three research hypotheses that corresponded to the research questions QP2–QP4. The results from the Bayesian ordinal regression allowed us to verify their credibility (see Table 4). The estimate and SE were the posterior mean and standard error of the mean. LI was the lower boundary and UI was the upper boundary of the 95% credibility interval. Bolded rows indicated statistically credible regression weights.



The credibility tests have shown that the company size was related to SLMML (Table 4). The predicted proportions of the SLMML changed with company size. The proportions of lower SMML were decreasing, as the company size was increasing. The proportions of higher SLMML were increasing as the company size was increasing.



The credibility tests have shown that a company’s business profile was credibly related to SLMML (Table 4). The term “business profile” refers to the dominant type of professional activities that a company engaged in. Among the companies that provided storage services, the predicted SLMML1 (level 1 = the lowest) was slightly higher than the proportion among the companies with transportation services, while the proportions of SLMML2 and SLMML3 were higher.



We observed that the source of capital was not credibly related to the SLMML (see Table 4). Although the SLMML predicted ratios seemed to be different between companies with and without Polish capital, the credibility interval of the regression weights suggests that this was not the case. This was mostly due to the small share of companies without Polish capital in the analyzed population. This was also reflected by the wider 95% credibility interval (Table 4).



We have proposed a new overall sustainable logistics management maturity indicator (OSLMI), which allowed us to test the research hypotheses. Due to the relatively small population sample and the difficulties in obtaining a representative sample (proportional distribution of companies in the sample) for traditional statistics analyses, we implemented Bayesian statistics. Bayesian statistics provided an alternative way to test the relationship between the sustainable logistics management maturity level, and the characteristics of companies (different company size, business profile, and source of capital) with the credibility tests. The credibility tests have confirmed the existence of a connection between the SLMML and the company size and the scope of economic activities (business profile).



The proposed assessment framework enabled classification and comparison between logistics providers with different characteristics (different company size, business profile, and source of capital) in regard to their sustainable logistics management maturity (SLMM).



This study has a managerial implication. The proposed framework supports managers in the logistics sector in their business transformation pathway. Maturity models provide an evolutionary approach from a current state “as-is” of organization capabilities to the future state “to-be”. SMEs have limited resources, and, thus, they need guidance on how to engage in the implementation of logistics solutions, when improving profit-related performance can also allow for the positive environmental and social impact. The framework facilitates benchmarking with other companies in the logistics sector.




5. Conclusions


In our research, we analyzed the typical logistics solutions through the prism of the triple bottom line (TBL) framework.



The originality of this paper results from the following:




	
Identification of the impact strength of implementation of typical logistics solutions (tool/practice) in relation to three dimensions of sustainability (by focus group method);



	
Proposing a framework for comparison of companies in the logistics sector with regard to their ability to achieve a certain level of the application of logistics solutions that are relevant to a sustainable approach in logistics management (referred to as the sustainable logistics management maturity level-SLMML);








We contribute to the existing literature with a new approach to the assessment of capabilities of logistics service providers (through applied logistics solutions) and linking it to sustainability. We tested, through research hypotheses, if the characteristics of a company (size, business profile, and source of capital) enable more mature sustainable performance. A substantial representation of micro- and small-sized enterprises is included in our, as they constitute 96% of our surveyed population. The current literature on sustainable performance in the logistics sector focuses on the corporate sustainability of large companies. Studies on the sustainable performance of SMEs are very limited, so we contribute to filling this gap.



The main benefit of the presented SLMM assessment framework is its flexibility. The catalog of relevant logistics solutions (LTs) may be expanded or reduced. For example, additional new LTs can be added, when some new technologies enter the logistics sector. However, each time their impact on each of the dimensions of sustainability should be assessed by experts.



The main limitation of this study is that the set of relevant logistics solutions and the strength of their impact (LTs) might be biased by the experts’ selection. Further research will include an updated and extended catalog of the LTs through broader participation of practitioners from the logistics sector.
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Figure 1. Conceptual model. 
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Figure 2. SLMML classification—procedure. 
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Figure 3. Characteristics of the population, N = 190. 
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Figure 4. Logistics solutions (LTs) used by the logistics service providers, N = 190. 
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Figure 5. SLMML in the logistics service sector N = 190. 
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Figure 6. Descriptive plots. 
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Figure 7. Posterior means (points) of the predicted probabilities of the SLMML. 
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Table 1. Characteristics of the focus group.
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	Criterion
	Ex1.
	Ex.2
	Ex.3
	Ex.4
	Ex5.
	Ex.6
	Ex.7
	Ex.8
	Ex.9





	C1
	X
	X
	
	X
	
	X
	
	
	



	C2
	X
	X
	X
	
	X
	X
	X
	X
	



	C3
	
	
	
	X
	
	
	
	
	X



	C4
	
	
	X
	
	X
	
	X
	X
	X
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Table 2. The strength of impact of LTs on the dimensions of sustainable development-wix.






Table 2. The strength of impact of LTs on the dimensions of sustainable development-wix.





	
ID LT

	
Logistics Tool–LTs

	
Economy

	
wix

	
Social

	
∑




	
Environment






	
LT01

	
Selecting warehouse storage equipment

	
0.89

	
0.78

	
0.56

	
1.67




	
LT02

	
Selecting warehouse material handling equipment (MHE)

	
0.67

	
0.56

	
0.33

	
1.56




	
LT03

	
Warehouse location

	
1.00

	
1.00

	
0.78

	
2.78




	
LT04

	
Warehouse space calculation

	
0.89

	
0.56

	
0.22

	
1.67




	
LT05

	
5S or 5C, also known as Gemba Kanri

	
0.78

	
0.44

	
0.89

	
2.11




	
LT06

	
Resource planning (including MRPII)

	
1.00

	
0.67

	
0.56

	
2.23




	
LT07

	
Task interleaving

	
0.89

	
0.56

	
0.56

	
2.01




	
LT08

	
Using WMS

	
0.89

	
0.56

	
0.67

	
2.12




	
LT09

	
Warehouse maturity scan, by Jeroen van den Berg

	
0.89

	
0.67

	
0.78

	
2.34




	
LT10

	
Warehouse risk assessment

	
0.67

	
0.33

	
1.00

	
2




	
LT11

	
How to ‘green’ your warehouse and save energy and CSR

	
0.67

	
1.00

	
0.89

	
2.56




	
LT12

	
Calculating road freight transport charges and rates

	
0.89

	
0.22

	
0.22

	
1.33




	
LT13

	
TSM

	
1.00

	
0.67

	
0.33

	
2




	
LT14

	
Transport problems—matching customer demand with supplier capacity

	
1.00

	
0.89

	
0.22

	
2.11




	
LT15

	
Transport audit checklists

	
1.00

	
0.67

	
0.56

	
2.23




	
LT16

	
Calculating emissions in freight transport

	
0.44

	
1.00

	
0.56

	
2




	
LT17

	
Vendor assurance of transport logistics service providers

	
1.00

	
0.67

	
0.56

	
2.23




	
LT18

	
Replenishment order quantities

	
1.00

	
0.50

	
0.63

	
2.13




	
LT19

	
Measuring demand variation

	
1.00

	
0.13

	
0.50

	
1.63




	
LT20

	
Periodic review inventory management system

	
1.00

	
0.63

	
0.50

	
2.13




	
LT21

	
Reorder point inventory management system

	
0.88

	
0.25

	
0.50

	
1.63




	
LT22

	
Economic order quantity (EOQ)

	
1.00

	
0.50

	
0.38

	
1.88




	
LT23

	
Safety stock calculation

	
1.00

	
0.50

	
0.50

	
2




	
LT24

	
Vendor-managed inventory (and co-managed inventory)

	
1.00

	
0.75

	
0.50

	
2.25




	
LT25

	
Identification and disposal of surplus stock

	
1.00

	
0.88

	
0.63

	
2.51




	
LT26

	
Demand forecasting

	
1.00

	
0.50

	
0.63

	
2.13




	
LT27

	
Supplier relationships

	
0.88

	
0.50

	
0.63

	
2.01




	
LT28

	
Calculating ordering cost

	
0.88

	
0.00

	
0.25

	
1.13




	
LT29

	
Calculating stockholding cost

	
0.88

	
0.13

	
0.38

	
1.39




	
LT30

	
Performance measures for freight transport

	
1.00

	
0.75

	
0.50

	
2.25




	
LT31

	
Warehouse KPIs

	
0.88

	
0.75

	
0.88

	
2.51




	
LT32

	
Balanced scorecard

	
0.88

	
0.75

	
0.88

	
2.51




	
LT33

	
Activity-based costing (ABC) and time-driven activity-based costing (TDABC)

	
1.00

	
0.13

	
0.25

	
1.38




	
LT34

	
Supply chain financial ratios and metrics

	
1.00

	
0.13

	
0.25

	
1.38




	
LT35

	
Z-WAVE

	
1.00

	
0.75

	
0.63

	
2.38




	
LT36

	
Cloud

	
1.00

	
0.75

	
0.38

	
2.13
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Table 3. Maturity level—classification rules.
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	OSLMI Score
	
	Maturity Level





	
	(0–1.56%)
	
	SLMML1



	
	<1.56–12.50%)
	
	SLMML2



	IF
	<12.50–42.19%)
	THEN
	SLMML3



	
	<42.19–100%)
	
	SLMML4



	
	100%
	
	SLMML5
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Table 4. Results of the Bayesian ordinal regression with the SLMML as a dependent variable.
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	Estimate
	SE
	LI
	UI





	Business profile
	0.53
	0.2
	0.14
	0.91



	Source of capital (PL Fund)
	0.39
	0.28
	−0.15
	0.91



	Number of enterprises
	1.58
	0.32
	0.98
	2.24
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