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Abstract: The next industrial revolution, which coincided with the COVID-19 pandemic, is prompt-
ing a different look at the issue of supply chain change management. A new perspective should
take into account the aspect of supply chain efficiency at multiple levels. Efficient logistics is green
and energy-saving, both of which need to be systematically integrated with the logistical planning
processes. The dynamic changes on the demand and supply side resulting from social, political,
and economic transformations have significantly influenced the shaping of long-term supply chains.
The development of new manufacturing and logistics technologies prompts the development and
implementation of new integrated planning methods to support supply chain management processes.
Modern supply chains are oriented towards operations in a dynamically changing socio-economic
environment. The new methods are capable of incorporating dynamic adaptation of logistics in-
frastructure which respond to changing relationships between supply and demand. To meet the
identified problems of complexity, relevance, and time-consumption of the logistic planning process
in modern enterprise management, the PL9A method of logistic planning and 9A LOGPLANNER
application for logistics planning were developed. The article presents the results of experimental
and simulation studies on the improvement of logistic processes in a working manufacturing enter-
prise with application of the PL9A method. The results of the experimental work indicate that the
application of the PL9A method embedded in the 9A LOGPLANNER software makes it possible
to dynamically simulate any number of logistics system variants in a short period of time, while
reducing risk and obtaining tangible benefits in terms of energy and ecological efficiency.

Keywords: COVID-19; logistics planning; management; supply chain management; dynamic lanning

1. Introduction

According to the definition [1], supply chain management is a process related to the
management of material flows within a supply chain to maximize its global profitability.
As such supply chain management comprises the overall processes involved in handling
the streams of goods resulting from the existence of the supply and demand laws. Supply
chains that fit into the Industry 4.0 concept are subject to re-engineering processes in the
direction of e-commerce logistics. Undoubtedly the advantage of such a strategy is the
ability to quickly expand in global markets, but it requires partners to improve management
methods, including planning focused on the efficiency of logistics activities. The dynamic
changes in the market caused by the COVID-19 pandemic as well as a new look at the
aspects of energy efficiency and environmental protection have introduced new elements
of risk into the traditional planning model, making supply chain management increasingly
complex. The dynamics of changes on the supply and demand side and the emergence
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of new risks require new studies and continuous analysis including the development of
methods for logistics resource management. An innovative approach to the planning
process could take into account modeling of correlations between the accumulation of
capital, resources, and changes in demand and supply, ecological factors, and energy
efficiency. Achieving excellence in logistics planning processes cannot be done without
the use of Big Data analytics [2,3] and reduction of the tendency of organizations to make
high-risk decisions.

Risk seeking, inconsistent management, erroneous analytical tools can all contribute
towards sub-optimal decision making. Decision-making without taking into account the
effectiveness of the logistics system, and the availability of resources may cause disruptions
in the streams of goods and capital, and ultimately limit the performance of the logistics
system. Establishing logistics planning on a technological and process-focused approach
towards accumulated logistics resources may, in turn, improve the overall quality of the
planning process and significantly reduce the labor intensity and the development period.

The development of an innovative management method requires the characterization
of the basic premises. However, the development of an innovative management method
needs to begin from the very beginning. Cooperation within open supply chains and the
dynamics of processes shaping them, including changes on the demand and supply side,
require companies to apply solutions allowing an organized and systematized performance
of analytical steps which ensures repeatability and accuracy. The currently available En-
terprise Resource Planning (ERP) systems provide the means of easing communication by
reducing the workload of registration, report, and management processes. Simultaneously,
the ERP systems provide managers with integrated metadata representing real-time eco-
nomic processes and events. This enhances the effectiveness of achieving business goals by
providing organizations with the possibility of identifying barriers, targeting internal and
external supply chain constraints [4]. The most common example of such constraint is the
limited ability to respond to short-term changes [5] in supply and demand, and the ability
to shape the size and suitability of the company’s logistics assets concerning these changes.

To meet the requirements of Industry 4.0 [6], Logistics 4.0 [7], and companies faced with
the need to adapt to supply chain changes, which include operational planning associated
with their deployment in the logistics system, the PL9A method of logistics planning was
developed. The PL9A method includes establishing new economic relationships for the
newly designed logistics system including criteria of energy efficiency and eco-efficiency.
This article discusses the PL9A method, its applicability, and its effects.

The purpose of the article is to present the applicability of the PL9A method of
logistics planning under conditions of uncertainty and COVID-19 pandemic. In Section 1
authors presents the impact of COVID-19 pandemic on modern supply chains and short
term planning. Section 2 is devoted to the planning process issues, the requirements for
logistical planning and the applied methods. Section 3 presents the results of the literature
analysis on the subject of logistical planning. Section 4 is devoted to the presentation of
the PL9A logistics planning method, including assumptions and the planning process.
Section 5 includes a case study and a presentation of experimental study results based on
data obtained from an existing enterprise. Section 6 focuses on the conclusions regarding
logistics planning and results of experimental works.

2. The Logistics Planning Process in Business Operations

Strategic planning processes cover all the activities of an enterprise, including the
analysis of the market situation. In enterprises, the strategic document is based on eco-
nomic data and figures. An approved document includes a financial plan covering an
annual budgeting period, effectively making it the most important planning document in
the company.

The duration of the planning process in the long term of a business cycle and the
market stability of a company may seem irrelevant. However, as 2020 showed, a one-year
planning period can be excessive. In a period in which the determinant of change was the
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emergence and spread of COVID-19, the demand- and supply-side changes affected all
industries and global supply chains were disrupted. As a result, the speed and efficiency of
change implementation gained increasing significance and value. In such a dynamically
changing logistics system, decisions may be based on incomplete data as well as the
intuition of the decision-maker. In case of unforeseen, new deterministic factors creating
changes on the demand and supply side, the integrated planning supported by Information
Technology (IT) can have a positive effect on decision-making in an environment of high
uncertainty and risk.

In practice, the planning process in medium-sized enterprises lasts one calendar quar-
ter. The process usually concludes with the approval of the strategic plan and operational
plans. This period is followed by an annual period of verification of assumptions and
objectives adopted in the planning process, as well as the assessment of its implementation.
The evaluation process is carried out based on examining the balance sheet—financial
results from the profit and loss account. The assessment of the implementation of the strate-
gic and operational plan allows identifying the effects of economic decisions and actions
taken concerning the market situation resulting from changes in demand and supply. The
awareness of market changes occurring on the demand and supply side may be a key
moment for the decision to develop new strategic and operational plans for the company.

A survey of methods and tools used in logistic planning processes conducted during
the TRENDOWNIA 2020 logistics conference showed that for 100% of 148 respondents the
basic tool used in logistic planning is a spreadsheet. This claim of practitioners was also
substantiated by the results of a study conducted in 2016 by the author of a publication [8],
which confirms the use of the Excel spreadsheet in modeling and simulations performed
by business professionals. The spreadsheet is the most common tool for conducting
quantitative and qualitative analyses and is a recognized tool in modeling multi-variant
scenarios for budgets and operational plans. The range of data necessary to carry out
logistical planning processes in the area of strategic activities seems to be wider than the
potential and possibilities of ERP class systems.

The current stage of development of global economies and global supply chains
called the fourth industrial revolution (Industry 4.0 [9]) and presented by UNITY in the
form of Industry 4.0 Roadmap: Logistics [10] describes a company’s logistics system in a
sequence of changes oriented towards achieving an economic goal resulting from synergic
action within the supply chain. Achieving synergy requires the involvement of the right
resources at the right time and with the right efficiency. As a rule, the reaction should
respond to incoming signals or alterations from the external environment. However,
evaluating the logistics system of an enterprise in terms of its level of adaptation and the
Industry 4.0 concept presented by UNITY remains challenging. In the absence of established
methods of assessing enterprises in terms of their compatibility with the Industry 4.0
concept, it is currently impossible to determine at which stage of development a company
is. This challenge becomes clearer when comparing the variability of objectives, results,
and effects of company management concerning the demand and the enterprise’s market
share (Figure 1).

Assuming that the result of an action is the result of the adopted plan and the com-
pany’s ability to effectively adjust the used resources in response to changes occurring on
the demand and supply side. The graph presented above shows a graphic presentation
of the results and effects of planning activities in operational activities at all levels of the
organization concerning changes in the socio-economic space, including the presence of
extraordinary events.

One such event, which triggered several changes in global supply chains, was the
COVID-19 pandemic in 2020, for which some managers were not prepared. Scenarios were
not rehearsed and decisions made were often questionable or even wrong. The correction
scenarios and plans developed in 2019 were extensively verified in practice. A drop in sales,
breakdown or interruption of the supply chain, and a change in the availability of goods
or commodities required many changes covering all processes occurring in supply chain.
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These changes included the reconfiguration of the logistics system in terms of its capacity,
structure of inventories, their size as well as improving process efficiency, addressing the
suitability and availability of infrastructure elements. In such circumstances, the criteria
for assessing energy and environmental performance were marginalized or even omitted
from the assessment. The question arises whether the process of reconfiguration of the
logistics system can be effectively carried out with tools for which the cycle of study of
conclusions and confirmation of planned actions lasts a quarter, and the results of actions
will be known after three quarters.

Figure 1. Key performance indicators of the economic evaluation of the company. Own study based
on data of a company listed on the stock market.

In a crisis management situation characteristic of the COVID-19 pandemic, processes
lasting a quarter must be considered low-value, uncertain, and of doubtful value in terms
of outcome. However, with no other planning methods and tools at our disposal, such
time-frames need to be treated as optimal from the perspective of resources, instruments,
and methods available to a modern manager. Provided that logistic data is aggregated
in time series, their underlying processes are mapped and IT tools capable of supporting
logistic modeling and planning, an innovative planning process, shortening the study cycle
to a weekly period can be applied.

A dynamic Industry 4.0 market-oriented enterprise operating in a competitive market
with independent demand, where volatility and vulnerability are a constant, should be
adaptable to:

• demand-side changes,
• supply-side changes,
• macroeconomic system changes,
• legal system changes,
• socio-economic system changes,
• the occurrence of exceptional events.

A company that accepts process-based dynamics and complexity has the potential for
a reactive response towards real-time events, provided it operates based on an integrated
planning system.
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Advancing globalization, changes in the economic system, business cycles, and socio-
political transformations contributed towards open supply chain management. In general,
all processes related to the management of streams of goods flowing from the supply
side to the demand side fall under supply chain management [11,12]. In a manufacturing
enterprise [13], logistics planning is a structured process covering all its activities related to
planning, economic, business, and operational decision-making, including changes in:

• specifications of product manufacturing processes,
• the main manufacturing processes [14,15] and supporting processes,
• changes on the supply and demand side,
• changes in the legal and macroeconomic environment of the company, determining

market conditions on the economics of production,
• changes in production technology,
• occurrence of random events with significant impact on demand and supply as well as

security and continuity of operations, including the occurrence of extraordinary events,
• changes in the distribution and supply system related to changes in the distribution

network or supply chain.

One of the proposals for improving the planning process is digitalization and the
reliance on cloud computing. However, data digitalization itself does not guarantee
satisfying results. It is also worth noting the risk related to the paradox of IT productivity
occurring during the implementation of new IT technologies [16,17]. From the managers’
perspective, the high productivity of IT [18] is not so obvious and certain. Productivity
benefits arise only when IT enables tasks to be performed in new innovative ways [17].

Considering the aspect of logistics planning, various methods of logistics planning
have become widespread in practice, i.e.:

• planning methods according to the theory of constraints (TOC), e.g., Drum Buffer Rope,
• planning methods using the APS system—Advanced Planning and Scheduling (APS),
• logistics planning according to Association for Supply Chain Management (APICS)

standards,
• Material Resource Planning (MRP I),
• Manufacturing Resource Planning (MRP II),
• planning with demand forecasting Demand Management (DEM),
• production process planning according to REFA,
• methods and tools for order execution planning,
• production resources planning.

3. The Literature Analysis

The study and analysis of publications on logistics planning methods and tools used
as well as interviews with experts, practitioners representing companies managing global
supply chains. The available methods of logistical planning are characterized by high labor
intensity and relatively low accuracy of results. This is also confirmed by the research on
the effectiveness of implementing changes in production, conducted and described in a
study by PWC [17], the results of which are presented in Table 1.

High investment outlays, the lack of a clear vision and support from the management,
limited or absence of cooperation with business partners, and unclear economic benefits
resulting from computerization are the key factors determined by the PWC survey [17,19].
However, energy efficiency and ecology are not defined as a barrier to company devel-
opment. This indicates a lack of awareness of the importance of energy efficiency and
ecology for the effectiveness of the enterprise integration process. Independently, gaps
in management and planning were cited as the main causes of developmental barriers,
indicating the need for improving integrative management methods [8].
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Table 1. Results of the study on barriers affecting the effectiveness of the implementation of change
in manufacturing.

No. Barrier Results

1. High investment cost (financial aspect) 46%
2. Lack of a clear support vision from management 33%
3. No cooperation with business partners in terms of digital solutions 30%
4. Unclear economic profits from digital investments 28%
5. Unresolved data security issues and privacy of external data 28%
6. Slow expansion of the basic infrastructure technology 26%
7. Lack of training and digital skills 24%
8. Fear of losing control over intellectual property 15%
9. Unqualified workforce 4%

10. Lack of digital standards, norms and certificates 4%

An in-depth analysis of the literature [20] on the study of barriers to the integration of
enterprises in supply chains [21] covered the period 1993–2018 and involved a group of
36 authors and their publications. A total of 204 barriers were identified.

The analysis of publications devoted to the study of the problematic barriers in the
integration of enterprises cooperating in supply chains made it possible to identify 11 barri-
ers that, according to the authors, should be classified as critical. The results of the analysis
are presented in Table 2.

Table 2. Most commonly stated barriers in supply chain company integration.

Barrier Type Number of Barriers Publications

Technological barriers 61 [22–42]
Human barriers 44 [27–30,32–34,36,40,41,43–51]

Management and economic process barriers 44 [26,28–31,33–37,39–41,44,46,52,53]
Management barriers 14 [26–29,40,41,44,46,47,52–54]

Legal barriers 9 [29,30,36]
IT implementation barriers 9 [26,30,34,36,38,55]
External scientific barriers 8 [40,49,56]

Communication and goal-orientation barriers 6 [26,34,49]
External barriers 6

Barriers in data-based analytical methods 2 [26,34]
Internal risk 1 [34]

Apart from IT [57] methods and solutions, the improvement of planning processes
in logistics [58,59] can be seen in the quality of planning processes and data, especially
those involving teams of managers, specialists, and consultants for weeks or even months.
Labor-intensive planning processes, together with the expected high precision and accuracy
of decisions affecting future results and effects, carried out under time pressure and the
need for multivariate modeling, are a practical challenge, a real phenomenon and belong to
the area of practice of every manager.

Ensuring high quality and precision in the planning process should be consistent with
the 7R logistics canon and include the identification and study of logistical resources, study
of market changes on the demand and supply side, study and planning of flowing streams
of goods and capital, assessment of risks affecting the process of plan implementation
and its course, assessment of economic efficiency and feasibility of implementation of the
operational efficiency plan, and assessment of energy and environmental efficiency.

In order to illustrate the logistic processes taking place in companies with a logistic
business orientation, the logistic processes are presented in a phase approach in Figure 2.
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Figure 2. Graphical presentation of the logistics system model in phase proceseses.

Considering the quality of the planning process and its relationship to production [60,61],
it seems reasonable to isolate organizational units specializing in an integrated and process
approach to processing information [3] and goods flow between the supply, production,
and distribution phases. This can provide a needed innovation such as a restricted unit
dealing with a well-defined set of tasks.

It is also worth paying attention to the determinants of processes covered by the
term specificity”. This term referring to production processes often covers constraints,
requirements resulting from technology, environmental conditions of the process as well
as results and requirements resulting from the adopted strategic and operational plans.
The results of the assessment of the suitability and availability of process infrastructure
elements often fall within this term.

Ensuring the effectiveness of plan implementation requires ensuring the availability
of resources. Estimating the required resources needs to be assessed by considering the
infrastructural suitability of the storage capacity, internal transport [62], and supply. This
assessment should be evaluated against the requirements of the plan. During the implemen-
tation period, the adopted plan is prone to change due to random events, the study, analysis,
and evaluation is to relate to the assessment of all the company’s resources. The logistics
planning process for separate production structures should include production volume,
availability of production resources, inventory volume and availability, spatiotemporal
harmonization, and synchronization of deliveries concerning the adopted production plan.

For planning production processes, the deterministic factors are warehouse [63,64]
and acquisition processes into account their adaptability in response to changes [65]. An
additional factor that may be taken into account in the planning process is the possi-
bility of organizing production processes based on synchronous production, but also
ecological [66,67] and energy-saving [68] production. Production management in such a
changeable environment encourages the search for technical and organizational solutions
that can be applied in practice.

The mixed method of transport planning covering an adaptive strategy deserves
attention [69]. Although it focuses on transport processes [70], it can be referred to as the
method of logistics planning. The approach to solving the problem of evaluating planning
processes in logistics [71] seems to be consistent with the concept of transport strategy
according to the mixed method described by the author [69]:

• combining multiple approaches in all phases of the research (defining the research
problem, collecting data, analyzing data, and forming conclusions),

• simultaneous inclusion and transformation of data and its analysis by more than
one approach.

The planning and scheduling method used and popularized in practice according to
the APICS standard [72] treats the problem of planning holistically, process-wise, but leaves
the choice of planning tools and methods to managers according to their best knowledge,
practice, and needs.

As far as the logistics planning process is concerned, the application of the method
of logistics planning in the implementation of the adaptive strategy seems to be justified
and is related to the preparation of investment projects, their evaluation, and process
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reengineering according to the best practices of business process reengineering (BPR). The
preparation of a logistics plan according to an adaptive strategy should treat the enterprise’s
logistics system as a process-integrated system processing streams of goods [73,74], taking
into account the consumption of energy [75] and environmental resources.

4. The PL9A Method of Logistics Planning

The authors of the PL9A method use the enterprise data obtained in the study of the
logistics system using the AL9A auditing method. The AL9A method, which has been in
practice since 2010, includes the examination of processes [76] together with the systemic
identification of engineering, management, and economic mismatches, i.e., bottlenecks.

Table 3 presents basic information relating to the complementary methods and com-
puter applications used in the PL9A logistics planning process.

Table 3. Information on the proper names used in the article: AL9A, PL9A, CL9A, and 9A LOGPLANNER.

Proper Names Characteristics AL9A Logistics Audit Method PL9A Lgistics Planning Method CL9A Logistics Controlling Method

Software 9A LOGPLANNER
Authors Wiesław Staniuk Wiesław Staniuk, Michał Staniuk Michał Staniuk
Location Poland Poland Poland

Year of first presentation 2010 Planned in 2022 Not published

Features

1. Examination of the logistics
system of an enterprise with a
logistics business orientation.

2. Determination of quantities
and values defining the
enterprise logistics system.

3. Identification of system
incompatibilities 4.

4. Demonstration of improvement
suggestions and areas of
highest efficiency after
improvements implementation.

1. Planning data set definitione.
2. Scenario definition for carrying

out planning games.
3. Mathematical modelling in the

area of planning logistics
resources necessary for the
implementation of the
examined scenario of the
company’s logistics plan.

4. Presentation of computer
simulation results in
application 9A LOGPLANNER
for the implementation of a
logistics strategy based on the
logistics plan model.

Implementation control of the
adopted logistics plan and indication
of the size of deviations.

The recognized sub-optimization of the economic and operational efficiency is deter-
mined with auditing procedures supported by the AL9A method, allowing the auditors to
model the most optimal solutions. As a result, the method is aimed towards stimulating
synergy effects between supply, production, and distribution (Figure 3).

Figure 3. Exploitation areas of synergy effects according to the PL9A method.
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It is worth noting that the AL9A method also includes a study and evaluation of the
company in terms of the effectiveness of processes against ecological criteria [77,78] and
energy consumption [79]. Particularly important is energy efficiency [80], ecological [81]
in transport companies [82,83], food production industries, especially those related to the
processes of storing goods in cold stores and freezers. The implementation of the planning
process by the PL9A method allows managers to build up a set of sizes of deterministic
variables influencing the choice of an appropriate planning strategy.

The PL9A method of logistical planning is based on a process approach to task imple-
mentation and includes:

1. Examination of material flow streams.
2. Inventory and study of logistics resources capability.
3. Determination of reference quantities for the designed logistics system.
4. Development of a conceptual design of the logistics system.
5. Determination of a catalog of logistic processes.
6. Conducting mathematical modeling process.
7. Assessment of the logistical system concept.
8. Approval and recommendation for implementation.

The comprehensive logistics planning according to the PL9A method is illustrated in
Figure 4.

Figure 4. Comprehensive logistics planning according to PL9A method.

Logistics planning according to the PL9A method is initiated by the reference data
of the logistics system, acquired via the AL9A audit. Planning scenarios are developed,
which are then converted into data for modeling the logistics system. The data is imported
into the 9A LOGPLANNER application, in which the logistics system is modeled based on
the established scenarios. Depending on the project assumptions and accepted scenarios,
the result of the work is a model of the logistic system, further evaluated during decision-
making games. The selected plan forms the basis for the development of operational plans
and schedules. The developed plans and schedules form the basis for the development of
procedures for controlling their implementation as part of the CL9A logistics controlling
activities. The results and reports of CL9A logistics controlling are directed to the devel-
opment of planning scenarios for each subsequent logistics planning cycle. A detailed
planning process using the PL9A method is shown in Figure 5.
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Figure 5. The PL9A planning process.

Based on the reference data, Model 0 is created as a reflection of the company’s current
logistics system. If the Model 0 does not correspond with the actual state, it is returned
to the previous stage, and modifications are made to the planning model. If Model 0 is
confirmed as compliant with the actual state, data from the established planning scenarios
are imported into 9A LOGPLANNER, which will be used to develop new models of the
logistics system. In the 9A LOGPLANNER application, it is possible to create any number
of models that differ in physical parameters of cargo units, size of flowing streams of goods,
technological equipment and logistics work organization. After the modelling process is
completed, results are generated. It forms the basis for the evaluation for the purpose of
implementing the scenario into operational activities.

The evaluation criteria contained in the PL9A method can be classified as a group of
reference quantities characterizing the logistics system. Such reference quantities of the
logistics system should be in a strong relationship with the relevant elements of the logistics
planning model. The representation of the relationship is the cause and effect relationship
capturing the study of the logistics planning process by the PL9A method, which is shown
in Figure 6.

Figure 6. Cause and effect relationship in the evaluation of the logistical planning process using the
PL9A method.
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The conducted literature research allowed to determine the barriers in supply chain
management and to identify and systematise the cause-effect relationships occurring in the
process of logistic planning.

The effects of applying the mathematical modelling method in the process of logistic
planning with the use of the PL9A method and the application 9A LOGPLANNER in the
research experiment are presented in the next chapter.

5. Case Study

The method was tested in a case study of improving logistic processes in a functioning
manufacturing company. The experimental research was based on real data obtained from
a manufacturing company.

5.1. Purpose of the Project

The aim of the project was:

1. To carry out a study of the logistics system of a production plant under the conditions
caused by COVID-19,

2. To propose changes in the logistics system.

5.2. Project Assumptions

At the project implementation stage, it was assumed that issues of packaging ware-
house management were excluded from the study of flowing streams of goods. The
implementation of ERP, Warehouse Management System (WMS), and Manufacturing Exe-
cution System (MES), IT systems, supporting the management and control of processes,
was assumed in the designed models.

5.3. Project Implementation Tasks

Taking into account the characteristics of the production plant, the following tasks are
envisaged for implementation in the logistic process improvement project:

• Task 1. Auditing the company’s logistics system.
• Task 2. Analyzing the effectiveness of the ERP system implementation to support the

management of logistics and production.
• Task 3. Analyzing the management system of logistic processes in the production area.
• Task 4. Identifying system mismatches.
• Task 5. Developing a technological and conceptual project for improvement of lo-

gistics management and changes in the production-logistics system, including the
identification of synergy benefits exploitation sites.

• Task 6. Determining the value of an investment and the size of logistic costs.

5.4. Research Tools

The presented steps were conducted using the PL9A method, supported by the AL9A
logistic audit and the 9A LOGPLANNER application.

5.5. Project Implementation
5.5.1. Implementation Stage, Task 1: Auditing the Company’s Logistics System

Using the AL9A method of logistics audit [84], planning quantities and reference
quantities characterizing the logistics system were determined and it was established that:

1. The storage system is based on stacking block storage.
2. The internal transport system functions based on electrically driven forklifts.
3. The following types of production forms are used in production processes:

a. workstations,
b. production sockets,
c. assembly lines,
d. device processes.
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4. The following methods of logistics management are used in the logistics system:

a. Just in time,
b. Kanban as a production supply system,
c. storage of pallets is executed on storage sites located in the immediate proximity

of the input and output zones of the production plant,
d. storage processes for bulky cargo units are carried out at storage areas located

in the immediate proximity of the entry zones.

All work at the Task 1 stage was carried out based on:

1. Inventory of logistically significant facilities and resources.
2. Documentation review.
3. Examination of logistical data aggregated in time series registered in the ERP system.
4. Interviews.
5. Examination of warehouse documentation.
6. Arrangements made during workshops.
7. Data from the ERP system, examination of processes and their chronometric contained

in the logistical audit report carried out using the AL9A method.
8. Examination of documentation and system procedures in the area of quality management.

The project was initiated by examining the quality and usability of the ERP system
implementation, including an assessment of its suitability for the company’s future devel-
opment needs.

In terms of the work covered by Task 1, the following works were carried out:

1. Inventory of infrastructure components.
2. Identification of logistic processes for each of their phases—sourcing, manufacturing

and distribution.
3. Determination of reference quantities characterizing the logistic system according to

the AL9A method [85,86].
4. Relational determination of system mismatch:

a. pallet load units—technical equipment,
b. transport processes—logistic processes
c. logistic processes—IT systems,
d. IT systems—management processes,
e. management processes—operational efficiency,
f. operational efficiency—employment in processes,
g. employment in processes—economic efficiency.

Based on the study of the company’s logistic system, the logistic system was mapped
as Model 0 (interpreted as the initial state). A specialized tool in the form of the 9A
LOGPLANNER application was used in the study process.

5.5.2. Model 0—Representation of the Existing Logistics System

The logistical system in the supply area was based on block storage supplemented by a
local storage system using high racking technology. Transport and manipulation processes
were performed using lift trucks. In model 0, logistic and transport processes in the area of
production logistics were realized in the space of the production hall, production buffers
were located in the places of separation of main groups of processes. The production buffers
were presented in the form of block storage with different surface areas and sizes. Kanban
systems were used in the management of production supply processes. Logistics processes
in the distribution logistics subsystem in Model 0 were defined as a block storage system in
five storage layers.

The transport system is based on the use of front lift trucks. The logistics control
system in Model 0 is based on ERP-class IT systems with limited functionalities covering
logistics and warehouse management.

For the study, reference quantities of the analyzed logistic system were determined,
the structure of which is presented in Table 4.
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Table 4. Structure of reference quantities.

No Group Logistics System Parameters Parameter Quantity

1.
Economics

Logistics costs 21
2. Investment expenditures 28
3. Organization of

work
Deliveries 8

4. Shipments 8
5. Loading unit Deliveries 18
6. Shipments 18
7.

Technology

Management method 10
8. Warehouse facility 20
9. Supplementary areas 23
10. Infrastructure parameters 18
11. Storage area 27
12. Inter-area transfers 15
13. Logistic task Deliveries 6
14. Shipments 6

5.5.3. Implementation Stage, Task 2: Analysing the Effectiveness of the ERP System
Implementation to Support the Management of Logistics and Production

This step included:

1. mapping of logistical processes,
2. identification of cost centers,
3. places of registration in the ERP system of data relevant for controlling and managing

logistics and production.

The study revealed a mismatch between the information system and the logistics
system, which significantly affected the efficiency of processes in the integrated logistics
and production system resulting in the following problems:

1. Low tracking accuracy in the logistics and production system.
2. The need for additional work related to the planning of shipments, order picking,

completion of shipments, tracking units in the plant space, resulting from the limited
data structure in the ERP system.

3. Generating delays in the management processes of planning and controlling processes
of order picking and internal transport processes.

4. The need for additional planning activities in spreadsheets.
5. Lack of possibility to control logistic processes using ABC XYZ analysis methods.

The limited functionalities had a significant impact on the labor-intensive planning
and control processes. The development of a transport loading plan required additional
activities related to confirming the availability of goods, taking into account their qual-
ity status.

5.5.4. Implementation Stage, Task 3: Analyzing the Management System of Logistic
Processes in the Production Area

The study aimed to determine:

1. Volumes of stocks in the production system.
2. Volumes of flowing streams of goods in a production system.
3. Variability and intensity of transport processes related to production processes.
4. Places of importance from the point of view of quality control system requirements.

5.5.5. Implementation Stage, Task 4: Identifying System Mismatches

The task was carried out based on a logistics audit according to the AL9A method.
The determination and examination of system mismatch places in combination with the
identification of synergy effects exploitation places in the PL9A method serves to determine
the quantities and their values necessary to assess the effectiveness of the investment and
to determine the ROI.
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The process of determining the mismatch places included the evaluation of the logistics
system in the areas:

1. Mismatch in the relationship between the information system and the management
and control subsystems.

2. Mismatch in the relationship between goods streams and the warehouse subsystem.
3. Mismatch in the relationship warehouse subsystem and production subsystem.
4. Mismatch in the relationship warehouse subsystem and employment in logistics processes.

5.5.6. Implementation Stage, Task 5: Developing a Technological and Conceptual Project
for Improvement of Logistics Management and Changes in the Production-Logistics
System, Including the Identification of Synergy Benefits Exploitation Sites

The research at this stage reflects the development of two distinctive models:

1. Model 1 is a concept for the reconstruction of the logistic system including a separation
between the production logistics structure and a change in the storage system.

2. Model 2 is a reconstruction concept in which Model 1, where the production logistics
structure and the supply logistics structure are integrated.

Details of the logistics system features in Model 1 and Model 2 are shown in Table 5.

Table 5. Logistics system features in Model 1 and Model 2.

No System Traits Model 1 Model 2

1. Company structure Separated structures of production
and supply logistics

Integrated structure of production
and supply logistics

2. Storage devices Row racking Row racking
3. Transport devices Reach Trucks Reach Trucks
4. Supply logistics operational area To be determined To be determined
5. Production logistics operational area To be determined To be determined
6. Distribution logistics operational area To be determined To be determined
7. Capacity of logistic subsystems As in Model 0 As in Model 0
8. Supply rotation in logistic subsystems As in Model 0 As in Model 0
9. Cargo streams in logistic subsystems As in Model 0 As in Model 0
10. System of company management ERP ERP
11. System of managing supply logistics WMS WMS

12. System of controlling
production logistics WMS WMS

13. System of controlling
distribution logistics WMS WMS

14. Production management system MES MES
15. Information circulation EDI EDI

In the developed models 1 and 2, logistics management and control were based on
the integration of the existing ERP system with WMS and MES systems. Management
and transport processes for packaging, pallet load unit carriers and waste streams were
excluded from the models studied.

The developed logistics system in Model 1 was built by applying high storage technol-
ogy with the change of transport equipment to high lift trucks. The production logistics
structure was separated by creating a production buffer on the surface of the production
halls organized in the form of a high storage warehouse. Transport in the production area
was based on transport devices serving the entry and exit buffers to nests and workstations.
The research objective in Model 1 was to answer the questions:

1. Is there an opportunity to improve the efficiency of the logistics system that would
benefit the current state of logistics?

2. If such a possibility exists, what would be the payback period?

Model 2 complements Model 1 by integrating procurement logistics with production
logistics. The research objective of Model 2 was to answer the following questions:
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1. Is there a synergy benefit as a result of simplifying procurement procedures and
processes integrated into production planning processes?

2. If a synergy benefit is identified, how much benefit can be expected from implementing
this change?

5.5.7. Implementation Stage, Task 6: Determining the Value of the Investment and the Size
of Logistic Costs

Based on the determined quantities characterizing the logistic system and their infras-
tructure equipment, the unit costs of acquiring the infrastructure resources were established
and the amount of investment outlays was determined. The costs account includes costs
related to employment, depreciation, materials, external services, infrastructure mainte-
nance, and IT. The economic evaluation covers only the items of the logistics cost account
that are important in terms of cause and effect relations in the logistics system. For the
analyzed company the transport costs on the supply and distribution side were excluded
from the calculation as they were considered fixed and independent of the modeling results.
In the PL9A method, transport costs on the procurement and distribution side are taken
into account in the process of modeling and evaluation of the logistics system for cases
involving the choice of the location of logistics system facilities.

5.6. Results of Project Implementation

The results of the implementation of the project were consolidated into four groups:
Group 1. Relevant parameters.
Group 2. Logistics infrastructure.
Group 3. Investment outlays.
Group 4. Efficiency evaluation of the logistic system

5.6.1. Group 1: Relevant Parameters

In the PL9A method of logistics planning, five basic parameters were determined essentially:

1. The logistics task. It includes the identification and dimensioning of the streams of
goods and materials flowing through the system aggregated to the reference quantities
that characterize the logistical processes of the enterprise.

2. Surface area (m2).
3. Cubic capacity (m3).
4. Storage capacity. It results from the size of the logistical task and the basic logistical

quantities including the stock rotation period expressed in the capacity of conventional
pallet loading units (load units).

5. Employment. The total number of persons employed in performing the processes
related to the handling of streams is specified in the logistics task of the storage,
transport, and handling phase (FTE).

The proposed parameters are related to the elements of the logistics system, which are
responsible for the implementation of the basic functions of the enterprise (Figure 7).

All models were parameterized to realize the same logistical task defined as all flows of
goods in a logistical system. Model 0, which represents the real state of company logistics,
is characterized by more than twice the demand for system space in comparison with
Models 1 and 2. The use of high storage racking reduces the demand for cubic capacity of
facilities to 30%, which indicates the low effectiveness of block storage in Model 0. Despite
the significant difference in cubic capacity, all models are characterized by similar capacity
of the logistic system. Model 0 is characterized by the highest demand for human resources
necessary to fulfill the defined logistics task. The use of high-bay racks and the integration
of production and procurement logistics processes allows for significant optimization of
the human resource requirements in Model 1 by up to 40% compared to Model 0. The
separation of procurement and production logistics functions increases the employment in
Model 1 by 10% compared to Model 2.
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Figure 7. Results of the PL9A modeling of the Logistics System—Group 1–5 main parameters.

5.6.2. Group 2: Logistics Infrastructure

In the logistics infrastructure group, four parameters were defined:

1. Internal transport means.
2. Storage facilities.
3. Transfer facilities.
4. Loading docks.

The results of the modeling with the logistics infrastructure criterion are presented in
Figure 8.

Figure 8. Results of the PL9A modeling of the Logistics System—Group 2—Logistics Infrastructure.

Model 0 has the highest demand for materials handling equipment (Figure 7). The
other models reduce the equipment requirements for Model 1 and 2 by 55% and 60%
respectively, which is correlated with the size of the workforce. In block storage, the demand
for the amount of storage equipment—columns, is driven by the size of the assortment.
In Models 1 and 2, thanks to the use of high-bay racking and the free storage method,
the need for columns is reduced by about 40%. The demand for ancillary equipment is
similar in Models 0 and 1.0, but a 15% reduction is possible due to the integration of supply
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logistics and facility production. The number of loading docks is similar in Models 0 and 1.
In Model 2, by integrating procurement logistics and facility production, demand can be
optimized by about 12%.

The modeling results for the logistics infrastructure criterion showed that:

1. Model 2 has the lowest need for the number of material handling equipment,
2. Model 1 and 2 have the lowest number of storage facilities,
3. In assessing the number of loading docks and the need for auxiliary equipment,

Models 0 and 1 are equivalent and Model 2 has the lowest values for this criterion.

5.6.3. Group 3: Capital Expenditures

Three parameters have been defined in the capital expenditure group:

1. Investment expenditure on technological equipment,
2. Investment expenditure on buildings and structures,
3. Total investment expenditure.

The results of the modeling taking into account the investment criterion are presented
in Figure 9.

Figure 9. Results of the PL9A modeling of the Logistics System—Group 3—Investment Expenditures.

The use of high-bay racking and dedicated load handling equipment in Models 1
and 2 increases investment in storage technology by 40% relative to low-cost logistics in
Model 0 (Figure 9). Due to increased space requirements, investment in buildings and
structures is 40% higher in Model 0 relative to Models 1 and 2. Total investment in Models
1 and 2 is 20% lower than low-cost logistics for storage technology in Model 0.

The modeling results for the capital expenditure criterion showed that:

1. The lowest investment outlays focused on technology are characteristic for Model 0.
2. The highest value of investment outlays on the buildings and structures side is

characteristic for Model 0.
3. The lowest total investment outlays are characteristic for Models 1 and 2.

5.6.4. Group 4: Evaluation of the Efficiency of the Logistics System

In the group evaluating the efficiency of the logistics system, four parameters were defined:

1. Efficient use of the capacity of the logistics system.
2. Unit cost per pallet unit flowing through the logistics system.
3. Rotation period.
4. Total logistics costs per year.

The results of modeling taking into account the criterion of efficiency assessment of
the logistic system are shown in Figure 10.
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Figure 10. Results of the PL9A modeling of the Logistics System—Group 4—Logistics System Efficiency.

Models 1 and 2 ensure the most effective use of the capacity of the logistical system,
which results from the use of the free-storage method (Figure 10). Block storage in Model 0
requires 10% more logistics system capacity to handle the assumed level of inventory.
Models 0 and 1 have the same stock rotation period, while the integration of procurement
and production logistics in Model 2 reduces the rotation period by 8%. Model 0 has the
highest level of total annual logistics costs. Model 1 reduces logistics costs by 40% compared
to Model 0, while process integration in Model 2 optimizes them by an additional 7%. Unit
logistics costs measured per unit of cargo flow show that the highest costs are found in
Model 0. Model 1 reduces unit costs by 33% and Model 2 by 64% compared to Model 0.

The modeling results showed that Model 0 is the least favorable in all economic
evaluation criteria. Model 2 has the lowest unit costs per pallet loading unit flowing
through the logistics system. In the assessment of the installed capacity balance and
the total volume of stock expressed in capacity units, Model 1 and 2 have the lowest
surplus volume.

The final evaluation of the logistics system using the PL9A method of logistics planning
also requires consideration of many other criteria, but the analysis of the results clearly
shows that:

1. The lowest unit costs for a pallet unit flowing through the logistics system are charac-
teristic of Model 2.

2. The lowest investment expenditures for the construction of logistic infrastructure are
characteristic of Model 0.

3. The highest investment expenditures on the construction of technical infrastructure
are characteristic of Models 1 and 2.

Taking the above into account, the optimal and recommended solution for a logistics
process improvement project is the logistics plan presented in Model 2.

6. Conclusions

The PL9A method of logistics planning in combination with the AL9A method of
logistics auditing allowed to carry out the process of research, modeling, and development
of the company’s logistic system change project, leaving the operational level managers,
board of directors, and owners adequate time to carry out the project verification, choose
the variant and convert it into an investment project with a real and satisfactory period
of return.
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The logistics system improvement (optimization) project carried out using the PL9A
method includes data verification processes and the presentation of analysis results. The
electronic documentation supplemented with analyses, conceptual drawings allows to
carry out the logistics design process also in conditions of limited accessibility to cost
centers and registration of logistic and economic events. The availability of logistics
data arranged in a time series provides consultants and designers with the possibility
to determine the quantities and values characterizing the enterprise at a high level of
confidence and accuracy.

The 9A LOGPLANNER computer application developed for the implementation of
the PL9A method is in the research and improvement phase for analytical tools. Ultimately,
it is planned to develop a computer application integrated with ERP and WMS systems
and allow the planning process to be conducted at any time based on data aggregated in
the systems.

The application of the PL9A method in the analyzed project led to the development of
a project to improve logistic processes in a functioning enterprise. The method was tested
in the conditions of the functioning of enterprises in the lockdown mode related to the
occurrence of the COVID-19 pandemic, where 90% of the work was carried out remotely.

The PL9A method of logistics planning presented in this study makes it possible to
carry out modeling and simulations in a short time, with limited involvement and the
burden of additional duties of operational level managers. Determination of the quantities
characterizing the logistics system of the enterprise was carried out based on the study of
records of economic events aggregated in time series, as well as an inventory of resources
and process mapping.

Embedding the logistics planning process in a computer application shortens the
process of modeling and developing the logistics plan with limited time expenditure. Thus,
the impact of risks on the quality of the planning process is reduced, in particular:

1. Risk of lack of scalability of data.
2. Risk of lack of data consistency.
3. Risk of time impact on reasoning process and decision accuracy.
4. Risk of the decision-making process resulting from managing distributed, multi-

processed data in a complex IT environment.

Energy and ecological efficiency in logistics planning according to the PL9A method
can be seen in:

1. Optimization of the area and volume of facilities including energy intensity:

a. lighting system,
b. the heating system,
c. the ventilation system,
d. cooling system.

2. Optimize the number of materials handling equipment.
3. Optimize the size and structure of the inventory.
4. Reduce losses resulting from limited possibilities to react quickly to changes in de-

mand and supply.
5. Shorten the reaction time for changes.

The problem of efficiency of enterprises raised by many authors, including its energy
intensity and ecology and supply chains in general, focuses on the methods of management
inside the organization in the here and now, studying past states and approximating them
to infer and predict the future, taking into account the volatility of the environment. In
practice, companies face the challenges of managing a supply chain open to opportunities
and threats, at a time when their level of development, size, management methods, and
regulatory environment make it labor-intensive, questionable in terms of reliability, and
a significant challenge. When analyzing the impact of the COVID-19 pandemic on social
and economic change and the impact on business, it should be noted that the problem of
adaptation of businesses to changing conditions will arise when the determining factor
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of COVID-19 ceases to exist or when a new factor emerges. In these circumstances, the
adaptability of enterprises cooperating in supply chains acquires a new significance.
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