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Abstract: Planning logistical processes supports the managerial processes of an enterprise, including
investments such as wind farm construction. The aim of the article is to analyze and assess the
time determinant in the logistical process of wind farm planning. The research method involves
the analysis of a case study on the investment planning of a wind farm (WF) in Poland from 2008
to 2020. The Critical Path Method (CPM) was applied to the planning and scheduling of projects
and logistical planning processes at WF Barwice. As a result of the research efforts, which included
the identification of stages, time frames, critical paths, and construction conditions, the outcome is a
concept for optimizing the logistical process of wind farm planning. The main problem associated
with the planning of this investment was the analysis and evaluation of the environmental factors
that would impact upon a positive assessment of the construction of WF Barwice. The outcome
is the optimization of the time determinant in the logistical process of wind farm planning from
14 years to 10; however, legal, administrative, and environmental constraints have influenced the
achieved result.

Keywords: determinant of time; wind farm (WF); logistic process; Critical Path Method (CPM)

1. Introduction

Logistics is an industry consisting of process-oriented enterprises, focusing on the
management of the flow of resources, both material and abstract, between the point of
origin and the destination. Logistic processes bind all the activities of a company. They
are primarily aimed at increasing the exchangeable and utilitarian value of products by
adding spatial and temporal attributes. The spatial value means that logistic processes
deliver the product to its destination, while the temporal value relates to the specific time
of delivery, arising from demand. Logistic processes contribute to the transformation of
products and services [1]. Contemporary logistics are based on integrated supply chains
(SC). The functioning of the SC significantly influences the quality and efficiency of logistic
processes in both large and small enterprises, as well as in wind farm (WF) investments.
They enable the planning, coordinating, and controlling of logistic flows related to the
movement of materials, finances, and information throughout the entire SC. Typical SC
functions in logistics include procurement [2], warehouse management, production plan-
ning, sales and distribution, and maintenance and repairs [3]. Planning logistic processes
supports the managerial processes of the enterprise, including investments such as wind
farms. The improvement and analysis of logistic processes can be characterized by on-
going improvements and/or the perfection of future processes. In improving logistic
processes, enterprises may simultaneously apply concepts of project management, process
management, and quality management. The article aims to analyze and assess the time
determinant in the logistical process of planning a wind farm. The research method is the
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analysis of a case study of the construction of a WF in Poland in the period 2008–2020. The
analysis identified factors determining the investment process, including environmental,
spatial, economic, socio-cultural, political, legal-administrative, and technical-technological
factors. The article presents manifestations and consequences of the lack of planning of
these concepts in optimizing the logistical processes of WF, as well as possible ways of
counteracting them.

2. Literature Review

Modern companies operate in conditions of increased market uncertainty and political-
legal changes; therefore they must flexibly adapt to the changing conditions of the external
environment [4,5]. In an era of economic development based primarily on knowledge and
information, the ability to predict certain events and adjust the company’s policy accordingly
is especially important. A process, as a sequence of repeatable activities focused on a specific
customer (recipient), is considered a logistic process if the distribution, state, and flows of its
components require coordination with other processes, due to criteria of location, time, costs,
and efficiency in achieving the desired goals of the organization [6–8]. All logistic processes in
organizations require coordination, but they are mainly focused on activities and information
flow. What distinguishes logistic processes from others is the need for coordination of flows,
states, and distribution [9]. Logistics processes include not only the flow of goods but also
the flow of information and financial resources. Bozarth and Handfield have identified three
types of logistic processes [10,11]:

• executive processes comprising activities of high added value performed by the
organization, for which the customer is willing to pay,

• supporting processes, comprising necessary activities that do not have added value,
• development processes aimed at improving executive and supporting processes.

The risks of logistic processes refer to the probability of an event that may adversely
affect the process of achieving the company’s goals [12–14], such as exceeding a deadline.
In planning, the systematic identification and analysis of risk affecting logistic processes
and their productivity seem necessary to ensure the survival and competitiveness of
the company. In addition to achieving goals, risk assessment can also contribute to the
improvement of the company’s business processes [15–18]. Control and improvement of
only individual logistic processes and only in selected organizational units (departments,
divisions) provide local, not global effects [19].

The Polish energy system is primarily based on the use of fossil fuels such as hard
coal, lignite, crude oil, and natural gas. Their popularity was due to their low cost, the
general availability of the raw material, as well as its high calorific value and well-mastered
extraction technology [20]. The armed conflict between Russia and Ukraine, along with the
changes imposed by the European Union in obtaining energy from renewable sources (RES),
have led to a search for new energy acquisition options. The European Union classifies
renewable energy sources as energy produced: (i) from wind on land and at sea, (ii) from
the sun, mainly using photovoltaic panels (PV), (iii) from biomass and biogas, and (iv) from
water flows and wave motion, as well as sea tides [21,22] (Figure 1).

Renewable energy sources (RES), due to their costs, could not appear in a competitive
market, hence the need for a system of various kinds of subsidies. An additional stimulus
for the development of RES in European Union countries is one of the goals set by the
European Commission. The reference prices for energy from RES in relation to the prices
for electricity on the exchange in 2020 are presented in Figure 2.

In 2020, energy produced from RES was to account for 20% of the energy consumed by
end users. This target was raised to 30% by 2030, and it can be expected that these goals will
increase in the coming decades. The development of renewable sources in Poland depends
on the subsidy system. In the first period, from 2005 to 2015, a certificate system was
used, whereby the producer of renewable energy from a certified installation introduced
any possible amount of energy into the power grid. The introduced energy was sold on
the free market or to companies obliged to purchase such energy. Additionally, the RES
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producer received a green certificate, which was a financial instrument. Electricity trading
companies had to acquire green certificates in proportion to their turnover. The prices of
energy from RES were 2–2.5 times higher than market prices. Such high prices resulted in
rapid investments in RES and an excess of production. According to the Energy Market
Agency, the capacity of RES in Poland at the end of June 2023 exceeded 25 GW [25]. This
means that RES already accounts for about 40% of the total installed capacity in Poland,
which is 63 GW. It is also significant that the total capacity of all renewable sources is now
greater than the capacity of all coal-fired power plants in Poland (21.5 GW) [25].
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This led to a significant burden for energy consumers. The costs of subsidies for
RES, implemented through the mandatory purchase system of green certificates, reached
over 5 billion PLN annually [26–29]. The European Union is committed to the dynamic
development of RES and the reduction of coal energy, hence the standards it established
were raised in 2018. Within the European Union institution, the PRIMES program is
responsible for assessing the impacts of selected energy sector programs. It creates forecasts
for the energy mix of member states and determines the level of CO2 emissions. Forecasts
for Poland from 2015 to 2050 predict a GDP growth of 87%. PRIMES projects that by 2050,
CO2 emissions in Poland will be halved, from 13,000,000 mg/year to 5,000,000 mg/year [30].
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Many articles present an overview of the current state and future trends in WFs
worldwide, along with technological challenges, particularly in the planning of WFs and
their main components [31–35]. Due to the need for decarbonization of the energy sector,
there is a need to replace coal sources with zero-emission sources. WF and offshore
wind farms (OWF) are among the sources with the greatest potential [36]. The maximum
potential for Polish OWFs is estimated at 28 GW [37]. Wind energy is considered one of the
cleanest energy sources, as it does not emit harmful substances into the atmosphere during
production. Finding locations with the highest potential for wind energy production is a
key factor influencing the locational decision for a new WF. The higher the wind energy
production, the greater the potential electricity market sales for WF owners. Regions in
Poland with the highest wind energy index include: the Baltic Coast (1 Region), Suwalki
Region (2 Region), and the Mazovian Plain (3 Region) (Figure 3).
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However, power system operators value certainty when accepting energy production
bids. Due to the stochastic and uncertain nature of wind resources, system operators often
reduce the power of WFs, assuming that they will be able to reliably produce only about
10% of their installed capacity [23,39].

A review of the literature on the subject did not reveal the existence of publications
strictly concerning the logistical process of constructing a WF. Instead, it indirectly refers
to demonstrating the generated powers in various years and countries and their share in
the energy mix of various economies. Additionally, some publications only address the
profitability of investing in wind farms [40,41].

3. Research Methodology

WFs are becoming an increasingly popular tool for energy production. The potential
for energy production in this way, classified as “green energy,” in the Szczecinek district
in terms of geography (wind energy zones (Figure 3)) is very optimal (Figure 4). The
WF located in the northern part of the commune, between the towns of Barwice, Lu-
bostronie, Ostrowasy, Stary Chwalim, and Gorki, is designated for the siting of wind power
plants along with additional development and accompanying infrastructure necessary for
their operation.

This article is dedicated to the assessment of an existing investment (commissioned
for use in 2021) and aims to analyze and evaluate the time determinant in the logistical
process of planning the WF Barwice investment. To achieve this goal, a research hypothesis
was formulated: It is hypothesized that the time determinant in the logistical process of
planning the WF would contribute to a faster realization of the design phase. The outcome
of the research, which involved the identification of stages, time frames, critical paths, and
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construction conditions, will be a concept for optimizing the logistical process of planning
the WF. The research problem defined for the study is: To what extent can the logistical
process of a WF investment be optimized? The research method employed in this paper is
a case study analysis of WF investment planning in Poland from 2008 to 2020.
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The empirical study was conducted based on the implementation of a multi-stage
process, in which six stages were identified, namely:

• Stage 1. Identification of necessary stages in the implementation of wind farm con-
struction investment

• Stage 2. Determination of the sequence of stages in the investment implementation
• Stage 3. Identification of the time required for each stage
• Stage 4. Critical path analysis
• Stage 5. Time optimization in the logistic planning process of the wind farm
• Stage 6. Evaluation of the impact of changes

The research process in a schematic representation and with consideration of depen-
dencies between individual stages is presented in Figure 5.

The efficient functioning of logistic processes is possible thanks to the introduction and
consistent maintenance of required quality standards, supported by appropriate manage-
ment concepts [43,44]. Examples of such concepts are standardized quality management
systems, which, under conditions conducive to proper implementation and subsequent
operation, allow for achieving many tangible benefits in the process of managing a com-
pany or the entire SC [45,46], while simultaneously contributing to the elimination of
waste, the systematization of processes, increased workflow fluidity, or the reduction of
unnecessary actions [47–49]. A key aspect in the logistics process is the use of the term
“time”, and it does not necessarily mean being the fastest. Quality is of great importance
for competitiveness, and replacing speed is not the main goal. The approach based on time
compression focuses on how companies use time to provide a lasting and rapid response
to customer needs through business processes organized around a strategic emphasis on
time [50]. Planning is an activity performed in a project to anticipate existing tasks and con-
ditions by setting goals and tasks to be achieved, and defining executive policies, programs
for implementation, schedule and timing, executive and administrative-operational and
budgetary procedures, and the power of the source [51]. Several methods can be applied
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to planning and scheduling projects and logistic processes, one of which is the Critical
Path Method (CPM). In the period of ongoing projects, it is known and deterministic that
CPM is a useful tool in planning and controlling complex projects like WFs across a wide
range of engineering and managerial applications [52]. CPM uses networks to coordinate
activities, develop schedules, and monitor project progress. By identifying activities on the
critical path, the project planning approach, which divides projects into stages, describes
them in diagrams, and then determines the duration of each activity, is applied. The critical
path is the path that has the longest duration of all paths from the initial event to the
last event on the network activity diagram [53]. CPM can be defined as a sequence of
network activities of a project such as WF construction, whose sum is the longest duration.
Its sequence regulates the shortest possible project completion time [54], which can be
shortened already at the preparation stage. The critical path is a sequence of activities
whose total duration is the longest [55]. CPM analysis indicates the shortest possible time
for process completion—process time compression. Any delay in an activity on the critical
path has a direct impact on the planned completion date of the undertaken actions.
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To create a schedule for a project with predetermined task completion times, CPM can
be used. In this method, the following time characteristics are determined:

• the earliest start time of event j:

tw
j =

{
0 f or j = 1

maxi:i<j{tw
j +t(i,j)} f or j = 1, . . . , n′

}
(1)
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• the latest start time of event j:

tcrit = tn (2)

• the critical time of the project:

tp
i =

{
tw
n f or i = 1

minj:j<i{tp
j −t(i,j)} f or i = 2, . . . , n′

}
(3)

• the latest start time of event (i,j):

z(i, j) = tp
j − tw

i − t(i, j) (4)

In CPM, it is necessary to define ES(i) as the earliest start time of activity i, EF(i) as
the earliest finish time of activity i, LS(i) as the latest start, and LF(i) as the latest finish
time of activity i. The corresponding calculations for a node involve numbering algorithms,
a forward pass (running from the first to the last node in the network), and a backward
pass (running from the last node back to the first node in the network):

S = LS − ES = LF − EF (5)

The forward and backward pass calculations for each activity yield several time values,
which include the earliest start time, latest start time, earliest finish time, and latest finish
time, respectively. Additionally, their calculations indirectly result in the slack time activity,
which is the difference between the earliest and latest execution times of an activity. In
effect, the slack time is the maximum time interval in which an activity can be delayed
without delaying the completion of the project.

The earliest start time and the earliest finish time for each activity in the planned
investment are calculated based on the forward pass, as backward calculations do not
meet milestones such as obtaining environmental conditions and winning the ERO auction.
The calculations take into account time constraints to minimize time reserves, followed by
subtracting the activity duration time (D j

)
.

4. Results
4.1. Identification of the Current State

The WF Barwice, located in Poland in the West Pomeranian Voivodeship, has a
total capacity of up to 48 MW. In its initial phase, it consists of a maximum of 21 wind
turbines along with access roads, assembly yards, a medium voltage power cable network,
telecommunications, and a MPSP power station with an overhead 110 kV line connecting
the MPSP to the area ensuring the possibility of using the project—near Barwice, Stary
Chwalim, Leknica, Ostrowasy.

For the purpose of this study, a process was generated based on the identification of
time frames for the investment planning of the WF Barwice (Figure 6).
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The preliminary phase of preparing documentation for the resolution of the Barwice
City Council caused an extension of the time frames in the period 2007–2010.

Stage 0—initiation of the logistical process and stakeholder analysis (Figure 7).
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Stage I (2007–2008)

Information about specialists dealing with environmental factors. Gathering informa-
tion about the natural environment of the WF Barwice power plant location area—querying
archival materials, field inspection—eco-physiographic and landscape recognition, veg-
etation and natural habitats survey, amphibians, reptiles, and mammals (excluding bats)
recognition, as well as ornithological and chiropterological monitoring of the planned
project location area and its surroundings.

Stage II (2009–2010)

Implementation, using the expert method, of specialized assessments of the planned
project’s impact on the environment, in terms of its effect on noise, electromagnetic radia-
tion, landscape, avifauna and chiropterofauna, as well as on vegetation and natural habitats,
i.e., in terms of the main impacts associated with the operation of wind power plants.

Stage III (2010–2011)

A comprehensive assessment of the project’s impact on the environment, taking into
account direct and indirect, secondary and cumulative, short-, medium-, and long-term as
well as permanent and temporary effects.
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A resolution of the Barwice City Council on the local spatial development plan.
A local spatial development plan for areas located in the Barwice commune, “Con-

struction of wind power plant farms”, was adopted by Resolution No. III/14/2010 of the
Barwice City Council on 30 December 2010. The initiation of the preparation of the plan was
adopted by Resolution No. XIV/109/19 of the Barwice City Council on 5 December 2009.

Submission of an application for permission to implement the project.

Stage IV (2012–2013)

Completion of the application regarding environmental conditions, to include: environ-
mental analogy (based on the assumption of the constancy of natural laws); mathematical
modeling (noise); diagnosis of the environmental condition based on field mapping as a
starting point for future extrapolation; cartographic analyses; and photographic visualiza-
tion (landscape).

Obtaining a decision approving the construction project and granting permission to
build WF Barwice.

Stage V (2014–2017)

WF project with consideration for oversized transport.
WF Barwice project was carried out by the special purpose company Windfarm Polska

II. At the stage of the auction conducted by ERO in November 2018, the owner of this
company was the German developer PNE. The plan reduced the number to 14 Siemens
SWT-3.0-113 wind turbines with a total nominal capacity of 42 MW. It was anticipated that
the WF would be operational by the end of 2019.

Stage VI (2018)

The investor participated in and won the ERO auction held in November 2018 and
was in a position to start construction. However, after winning the auction, just a few
weeks after the successful bid in the Polish tender for wind energy projects, the Barwice
project was sold to an investor at the end of 2018, and the owner of the company and the
investment it carried out became Wirtgen Invest Energy GmbH.

Stage VII (2019)

Start of construction of WF Barwice.
On 12 March 2019, construction of the wind farm began. The plan concerning the

initiation of the preparation of the local spatial development plan for the areas located in
the Barwice commune was adopted.

Stage VIII (2020–2021)

Construction of the wind farm
The towers for these wind turbines were produced by GSG Towers, a company

belonging to the Gdansk Shipyard, under a contract worth 5 million euros. The contract for
the construction of WF Barwice was won by a consortium of companies including Erbud,
PBDI, and Electrum, with a net value of 41.35 million PLN. The scope of the order for the
consortium involving Erbud, PBDI, and Electrum was valued at 11.85 million PLN. Sevivon
participated in the construction process from July 2019 as the construction management
company. The investment was scheduled to be completed by the end of February 2020.
The sale of electricity for WF Barwice was also secured by Sevivon. Wirtgen Invest Energy
GmbH ordered wind towers from a Polish supplier, and Siemens Gamesa strengthened its
extensive local SC. Siemens Gamesa sources components and purchases services related to
wind turbines from Polish suppliers for projects both in the country and across Europe. In
the local SC, the company acquires blades, power units, elements of turbine nacelles, and
various plastic and metal parts used in turbine assembly. Data for the transportation of
wind turbines in the logistical process:

• rotor diameter: 113.0 m; rotor area: 10,000.0 m2; number of blades: 3
• mass/weights: rotor weight: 67.0 t; nacelle weight: 78.0 t; tower weight, max.: 75.0 t;

total weight: 220.0 t.



Energies 2024, 17, 1293 10 of 18

Stage IX (2021–2051)

Exploitation of a WF

• Siemens Gamesa Renewable Energy entrusted the supply of spare parts for the ser-
viced wind turbines to the distribution center operated by Schenker Deutschland AG
in the German municipality of Gallin.

• To handle diverse loads and peak logistic periods, intralogistics consultants from
STILL optimized the task-oriented fleet and short-term rental service.

4.2. Identification of Factors Determining the Planning Process

For the assessment of the time compression process in the logistical planning of WF
construction, the authors defined and identified the main determinants of the planning pro-
cess. The primary issues related to obtaining consent involve the analysis and assessment
of environmental factors that favor a positive evaluation of the construction of WF Barwice.

The following general types of factors in wind farm energy production, which should
be considered in the logistical process, can be distinguished:

• Environmental factors relate to the natural environment resources needed for economic
activities, such as mineral resources and others, climatic conditions, landscape condi-
tions, and availability of water, soils, etc. Regulations prohibit the construction of wind
turbines within a distance of less than 10 H (10 times the height of the turbine) from
nature protection forms—national and landscape parks, reserves, Natura 2000 areas,
and promotional forest complexes (Table 2).

• Spatial factors, which include terrain configuration, distances relative to other loca-
tions, available surfaces, and the shape and characteristics of the land. Individual
turbines should be located within the boundaries of land properties no. 383, 371/5,
369, 311, 58, 18, 15, 13, 465/17, 477, 59 (rotor location), 372/1 (rotor location), and 384
(rotor location) within the Stary Chwalin area, no. 287/1, 287/2, 285, 2/1, and 2/2
(rotor location) within the Ostrowasy area, and no. 236/22, 236/21 (rotor location),
and 235/52 within the Leknica area. The scope of change involves supplementing
the Study of Conditions and Directions of Spatial Development of the city and com-
mune of Barwice with individual provisions for parts of the commune affected by this
change, i.e., for the areas.

Table 2. Environmental factors considered in the process of constructing a WF in the vicinity
of Barwice.

Environmental Factors Imposed Conditions of Implementation

Natura 2000 area named ‘Parseta River Basin’

Underground cable networks constructed using a trenchless
method—pushing or drilling (plot no. 280-Ostrowasy); wind
turbine towers to be positioned at least 200 m away from the

tree-lined valley of the Gesia River
Floodplain located between Barwice and Stary Chwalim, a

breeding ground for amphibians
Turbine T19 to be positioned 18 m away from the floodplain,

while maintaining soil and water conditions

Migrating herpetofauna Fencing nets must be placed along roads located in the vicinity
of reservoirs and ponds

Course of a badger burrow’s path Design the cable network route from turbine T15 to turbine T17
to be at least 110 m long

Marshy meadows located from Stary Chwalim to Lubostron Wind power plants to be positioned at least 200 m away from
the meadow area to the south

Determining the impact of the wind farm on
ornitho- and chiropterofauna

Post-implementation monitoring based on the methodology
outlined in the study ‘Guidelines for assessing the impact of
wind power plants on birds’ and ‘Temporary guidelines for

assessing the impact of wind farms on bats’

• Economic factors, which include the country’s economic situation. The amendment
assumes that the investor will offer at least 10% of the installed capacity of WF to the
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residents of the commune, who would use the electricity as virtual prosumers. Each
resident of this commune will be able to take a share not larger than 2 kW and receive
electricity at a price resulting from the calculation of the maximum construction cost.
The ecological investment as the latest WF to be built in Barwice will produce electricity
at half the cost compared to the newest coal-fired power plants. The realization of
the investment also means several hundred thousand PLN of annual tax, which will
contribute to the commune’s budget. The construction of the wind farm brings a series
of benefits for the Barwice commune. During the implementation of this investment, a
county road on the section of 2.3 km from Barwice to Lubostron will be rebuilt, the
road will be widened to 6 m, and its carrying capacity will also increase.

• Socio-cultural factors, which include the population’s attitude towards a given activity,
i.e., acceptance of the proximity of a particular investment and readiness to use its
products and services. The amendment stipulates that new wind turbines can only be
located based on a local spatial development plan (LSDP). The basis for determining
the minimum distance—between 10 H and 700 m for residential buildings—will
include, among others, the results of a strategic environmental assessment (SEA)
conducted as part of the LSDP. The SEA analyzes, among others, the impact of noise
emissions on the environment and the health of residents. The municipal authorities
will not be able to deviate from conducting an SEA for an LSDP project that includes a
wind power plant. The current law prohibits the construction of wind turbines at a
distance less than 10 times the height of the tower and rotor blade in its highest position
from residential buildings. The prohibition also applies to building constructions at a
distance less than 10 H from a wind turbine. The maximum sound power level set for
wind turbines is 108.5 dB.

• Political factors, which refer to the attitude of public authorities towards a given
activity, both at the state level and at various levels of local government. The Act of
9 March 2023, amending the Act on investments in the field of wind power plants and
some other laws (Journal of Laws, item 553), came into force 30 days after the date of
announcement, except for the provisions concerning the inclusion of the residents of
the commune where the WF is to be located in the catalog of virtual prosumers, which
will come into effect on 2 July 2024.

• Legal and administrative factors, which are largely a derivative of political factors.
They include legal regulations, such as the transparency of regulations, the amount
and complexity of taxes, restrictions on capital transfer, or equality in the treatment
of entities. Administrative factors are regulations concerning, among others, the at-
tractiveness of conditions for starting and conducting business, especially the number,
complexity, and resource intensity of procedures.

• Technical and technological factors, including the processes of creating and improving
technologies, work tools, organization of production, and management of processes
such as production, supply, and distribution.

4.3. Concept of Possible Changes

Scheduling in logistic process planning is a key factor in effective management. If
information is presented effectively, it can aid future investors in WFs in understanding the
multitude of activities and the interconnections between them. In this regard, graphical
representation of schedules from serial to parallel-serial can greatly facilitate the under-
standing of a large amount of information, instead of reviewing a large set of data tables
and information. This goal can be achieved by using logistic networks. In logistic network
models, based on the duration of the critical path, it is possible to determine the time
compression needed for the construction of a wind farm.

Step 1: the initial activity will be numbered as 0.
Step 2: the next number will be assigned to any unnumbered activity whose previous

activities are already numbered. Step 2 will be repeated until all actions are numbered
(Figure 8).
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The forward pass is used to determine the earliest possible start time and finish time
for each activity in the network. During calculations, time constraints on completion are
considered by recognizing the minimum finish time, and then subtracting the duration of
the activity (Dj). Moreover, for all, the earliest start is by default day 0 of the phase. In the
next step, the earliest finish time of each activity is determined.

Step 1: E(0) = 0
Step 2: For j = 1, 2, 3, . . . , n (where n is the last activity), ES(j) = maximum {EF(i)}
Step 3: EF(j) = ES(j) + Dj

Backward pass calculations follow a procedure similar to the forward pass, but instead
focus on the last phase time and start from the last time. In calculating the latest finish
time in backward pass mode, it is determined that the latest start time is consistent with
the precedence constraint regarding the start times of activities. Therefore, the calculations
include minimizing all activities (j) that have (i) as their predecessor. Also at this point,
the feasibility of the scheduled activity can be checked and imposed. The rule is that a
scheduled activity is not feasible if the late start time is shorter than the early start time.

Step 1: Let L(n) equal the required completion time of the project
Note: L(n) must equal/exceed E(n)
Step 2: For i = n − 1, n − 2, . . . , 0, LF(i) = minimum {LS(j)}
Step 3: LS(i) = LF(i)− Di

In the case of the logistical process of planning a WF, the optimal critical path was
chosen, which allows for the completion of construction in 2020 and its operation (Figure 9).
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Additionally, the construction of the wind farm could have started from November 2018
(winning the ERO auction). In CPM, activities A-B and C-D were planned in parallel, and
E and F were shortened (Figure 10).
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The first of these is to ensure that logistic processes such as design, operation, and
project development are conducted in a way that meets the needs of end-users—the energy
consumers. The second is managing the logistic process in a dynamic commercial envi-
ronment, which makes managing the process and SC a demanding reality. The simplicity
and clarity of the approach to time optimization encompassing not only the boundaries
of a single company but the entire network of connections and functionalities, provide
a good platform to meet these challenges. CPM modeling in scheduling and control are
the main tasks in the construction of a WF. Effective logistic process management tech-
niques are important to ensure the successful completion of any project. In this regard, the
present study applied a case study method to analyze and evaluate the optimization of the
logistical planning process for WF using the CPM method with MIDAS NFX STR software.
Critical paths and defined actions covered the entire planning and construction time of
the WF, including the latest start time, earliest and latest times of reduction, ultimately
resulting in the compression of the time in the logistical process. Forward and backward
pass calculations for each activity directly yield several activity time values, which include
the earliest start time, the latest start time, the earliest finish time, and the latest finish time.
Moreover, their calculations indirectly result in buffer time activities, which have been
eliminated or shortened to a period of 1 month. A 1-year delay was eliminated, but the
planned completion period and the quarter of 2019 were not achievable. The application of
CPM can improve the future logistical planning process of WF investments compared to
those built earlier. Furthermore, time optimization analysis in the logistical process can be
applied to general practical cases of WF.

4.4. Discussion

After conducting a time analysis, it must additionally be assumed that time compres-
sion of the logistical process would have increased the profitability of this investment.
However, the mentioned costs required the engagement of additionally high initial cap-
ital, which could have ended in failure. The problems were legal, administrative, and
environmental limitations, as well as initial refusal to connect to the network. Initially,
Poland had the most restrictive legal regulations concerning wind power, which slowed
down the development of investments. Investments in wind power plants yield a profit of
12% to 16% per annum. With current electricity prices on the stock exchange, the rate of
return can reach 16% per annum. The expected operational period of modern wind power
plants is about 25–30 years. It is currently unknown whether, after this time, WF Barwice
will be decommissioned or replaced with new structures. For example, in some European
countries, one can apply for an environmental decision and building permit as part of a
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single application, and the authorities coordinate the subsequent steps among themselves.
This gives the investor greater certainty about the duration of this procedure. Looking to
the future, companies building and operating WFs must be flexible to meet at least two
possible key challenges.

To ensure the safety of achieving the project objectives of the investment, the technical
service of WF Barwice will be conducted by energy consult GmbH (part of the PNE group),
which manages technically about 800 wind turbines across Europe with a total installed
capacity of over 1.6 GW. WF Barwice is the first WF in the Polish market to be serviced
by energy consult GmbH. The company indicated that without winning the auction for
energy sales, it would not be able to start the investment. Following another auction
win by PNE AG for energy sales, conducted in December 2019, the company outlined
its development path in the Polish market. The analysis considered factors (described in
Section 4.2) limiting the planning process and obtaining approval for the WF. These factors
cannot be eliminated from planning and should be prepared in advance by collaborating
with the authorities responsible for issuing environmental permits. Early consultations
with residents, presenting the benefits and potential risks of the investment, are also
necessary. The method of assessing the impact of the planned project on ornithofauna and
other environmental factors is outlined in a report prepared for the General Directorate
for Environmental Protection [45]. It should be emphasized that in the current situation,
planning future possibilities for obtaining certificates is challenging, significantly increasing
the risk and uncertainty not only regarding the conditions of operation but also the WF
analysis. The presented solutions may require a reassessment of assumptions regarding
WF projects, and as a result, some may not allow for the application of time compression in
the logistical process. This could lead to the lack of profitability in certain investments.

In the case study discussed, from 1 January to 31 December 2019, the Mayor of Barwice
issued two negative decisions on determining building conditions, which concerned single-
family residential construction (construction and reconstruction of single-family buildings
along with necessary infrastructure). The refusal concerned the impact of the subject
investment (WF Barwice).

It should be noted, as indicated in this study, that cost minimization will generally
occur as a direct result of reducing stages or compressing time that does not add value.
Such time compression can result in a series of savings related to the removal of fixed and
variable overhead costs, direct costs, and the involved working capital. Additionally, the
biggest challenge for investors in such a variable and demanding Polish energy market
is the need to obtain the necessary permits for the realization of the investment. Another
important issue is the difficulties in running parallel decision-making proceedings (e.g.,
environmental), which significantly affect the investment planning process. This means
that until the proceedings for considering the application for approval of the project
(environmental conditions) are completed, there is no chance of submitting an application
for a building permit. The entire logistical process is prolonged in the phase of document
preparation and design.

5. Conclusions

Due to problems related to social acceptance of building onshore WFs and the lengthy
planning process, a solution seems to be energy based on OWFs. Investors are eager to
finance such projects, resulting in an increasing number of such farms being built each
year in the North and Baltic Seas. The construction costs of OWFs are much higher than
their land-based counterparts, but it is a much more efficient investment, due to greater
stability in raw material supplies, stronger wind force, and lack of technological limitations.
The preparation time for these investments is half as short due to different environmental
factors. The cost of building an OWF is about 30–50% higher compared to land-based
power plants. A capital-intensive factor is the need to conduct a series of environmental
studies, adapt the location to shipping and fishing routes, and greater difficulties associated
with the transport and assembly of individual elements. Better wind energy resources
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make the investment rational despite the more complicated and expensive construction
and operation. An additional advantage of locating OWFs is the absence of variable terrain
forms (terrain obstacles, forested areas, buildings) and a lower level of velocity fluctuation
(turbulence) in front of the turbine, resulting in more stabilized inflow conditions. OWFs
do not have limitations in the form of minimum distance from the nearest buildings and
are not as bothersome as land turbines, as they are built far from residential areas, hence
the logistic process is shorter. Not every investment in a WF is successful; according to the
report from the president of the Energy Regulatory Office (URE), in the years 2021–2022,
the Office received over 9000 notifications of refusals to connect a renewable energy source
(RES) facility to the network. The main reason is the too slow modernization of the network
and the wave of connections made in previous years. An essential consideration is the
variability in the load of the power system. Challenges in balancing the available power
from wind farms and conventional power plants, which must remain operational to ensure
the system’s safe operation, apply to hypothetical scenarios with a realistic probability of
occurrence estimated at 100–200 h per year. Consequently, power grids must be integrated
into a unified system.

5.1. Limitations

Generally, it can be stated that in the analyzed logistic processes, the need to increase
the reliability of the entire project is emphasized. Therefore, there is a need for a more
precise definition of concepts such as: reliability of completion within a specified deadline,
overall task quality, execution safety, or the risk of process failure at stage VI. This also
requires the development of new or modified models of logistic process reliability and
the logistics system as a whole, and an analysis of the possibilities of using these models
to describe existing real solutions. There is also a lack of specified methods of measure-
ment besides time, which makes it difficult or even impossible to compare the results of
financial-time analysis with each other. The lack of access to financial data at stages VII–IX
and contracts with subsequent changes related to delays prevents the conduct of a full
CPM-COST analysis. An additional constraint in obtaining permits and conducting the
investment was the COVID-19 pandemic. The planning of a WF is significantly dependent
on its distance from the point of connection to the power grid (PCPG) and its integration
into the power network. Therefore, particular attention should be given to the parameters
of the energy infrastructure at the selected location, as this should be defined in the early
stages of planning.

5.2. Observations

The application of CPM can improve the schedules that were used previously. Fur-
thermore, the calculation times used in solving general practical cases of logistic process
projects are encouraging. The priority issue for any venture implemented over a long
period, such as the construction of a WF, is primarily to determine how time affects the
risk of not realizing a given project and can impact the operation, process, organization,
and what actions should be taken to eliminate or at least reduce this risk to an acceptable
level. For time compression in the logistic process to bring the expected results, it should
be implemented after proper familiarization with the factors mentioned in the publication
above, which directly affect its occurrence in logistic processes.

5.3. Recommendations

The results of our research have expanded the theoretical basis regarding methods
for identifying the time necessary to plan the construction of wind farms. The study fills
the scientific gap regarding the analysis of the implementation of such investments in
energy enterprises, and in particular the planning process. Based on our research, we
have identified good practices that can be used in other similar investments by entities
building wind farms in Poland and abroad. A key business implication of the study is that
other similar companies can potentially benefit from utilizing our research results. It is
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recommended for stakeholders and investors to use the CPM model in conjunction with
cost analysis for, among others, the construction of offshore wind farms and PV farms. In
this way, they can reduce the level of investment risk (extension of the period), which will
directly translate into the profitability and payback period of the investment. Optimizing
the planning process can also positively impact the organization’s (investor’s) image. This
is crucial because a vital stage in planning the implementation of such investments involves
obtaining necessary permits and consents from institutions, especially the local community.
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Abbreviation
List of abbreviations used in the article.

Abbreviation Abbreviation Extension
CPM Critical Path Method
EF earliest finish
ERO Energy Regulatory Office
ES earliest start
GDP Gross domestic product
GW Giga Watt
kW kilo Watt
LF latest finish
LS latest start
LSDP local spatial development plan
MPSP Main Power Supply Point
OWF offshore wind farm
PCPG Point of Connection to the Power Grid
PRIMES Price-Induced Market Equilibrium System
PV photovoltaic panel
REI Renewable Energy Institute
RES Renewable Energy Source
SEA strategic environmental assessment
SC supply chain
WF wind farm
PLN Polish zloty
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