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This research presents a comprehensive analysis of the performance efficiency of Rus-
sia’s Baltic seaports, taking into account various economic indicators and addressing
investment planning and management issues. Special attention is given to the sustaina-
ble development goals and objectives of the seaports, considering their significance in
transport and logistics systems. The primary objective of this work is to develop a system
approach for conducting multi-criteria studies on seaport performance efficiency. The
findings obtained through the proposed methodology consider criteria at different levels
of seaport management, offering valuable practical implications. Notably, this study
fills a gap in the literature as no previous work has provided a comprehensive method-
ology for studying and analyzing ports from the perspectives of management, logistics,
and macroeconomics. The system approach can also incorporate environmental con-
siderations and innovative solutions in port infrastructure management. By proposing a
new approach to interpreting statistics on Baltic seaports’ performance and presenting
empirical research on sustainable development in transport and logistics systems, this
study enables a multidimensional examination of seaport performance and establishes
a framework for efficiency analysis and evaluation, which is crucial for effective man-
agement. The methodological scheme and algorithm for analyzing different categories
of managers further facilitate the practical application of the approach. Moreover, it can
serve as a strategic tool for informing regional economic policies regarding logistics
and transportation.
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Introduction

The need to apply new technologies to solve classical management tasks is
driven by the accelerated pace of digitization of individual functions and pro-
cesses, economic globalization, geopolitical transformation [1; 2], the emer-
gence of new socio-political problems, the imbalance between existing and re-
quired infrastructure, the increasing share of transportation costs in the overall
structure of logistics expenses, and other factors. However, focusing solely on
optimizing operational activities does not seem sufficiently convincing from
the long-term perspective of development. Research on companies engaged
in various transport and logistics operations has revealed a lack of attention
to the analysis and evaluation of performance from a strategic management
standpoint. While significant research has been dedicated to other strategically
important aspects such as designing logistics systems, planning performance
indicators, and forecasting demand and supply, the analysis of effectiveness is
often treated as a secondary element of management, which, in our opinion, is a
misconception. On the contrary, regular monitoring and evaluation of transport
and logistics activities are essential [3]. Experts [4; 5] suggest that a high level
of analysis accuracy promotes rational resource management and enables timely
corrective actions.

The study of both domestic and foreign literature, including the examples pro-
vided in these sources [3; 6], has led to the recognition of the significant scientific
and practical interest in adopting a systemic approach to analyze port activities
using multiple criteria. This interest stems from the recognition of the maritime
coastline’s substantial resource and communication potential within the complex
geopolitical environment of the modern world, characterized by escalating ten-
sions in various regions of Russia (such as Crimea, the Kuril Islands, and the
Arctic). In this context, the analysis and evaluation of port activities as a vital
component of the transport and logistics system hold strategic importance for re-
gional development and the nation as a whole. Maritime ports play a pivotal role
in global trade, which is an integral aspect of globalization and the establishment
of regional trade agreements [7]. In addition to considering purely economic as-
pects in the analysis of port activities, it is important to take into account a whole
range of additional factors, which are most fully examined in the context of the
concept of ‘territorial capacity’. Under this term, specialists [8] understand the
possibility of intensifying the use of existing resources (infrastructure, nature,
human resources, recreational, etc.) with or without investment planning, aimed
at the comprehensive development of the territory and increasing the efficiency

of port activity.



H. Kitzmann, E. G. Tsyplakova, G. I. Sinko, A. V. Strimovskaya, K. A. Ryumkina 105

In the work [9], it is noted that since the 2000s, maritime transport has played
a decisive role, accounting for up to 60% of all cargo transportation in conduct-
ing export-import operations. The significance of the effective functioning of a
port as a connecting element in the organization of export-import operations,
enabling the growth of various sectors of the economy, has long been recognized.
As mentioned in the study [10], the “maritime factor,” traditionally considered
in the context of various aspects, is an important component of continuity in the
development experience and comprehensive exploitation of the coastal territory.
It includes characteristics such as economic and infrastructural facilities, the ma-
turity of port structures and their significance at the national level, the rational use
of maritime resources, their accessibility, and others.

Therefore, in order to enhance the competitiveness of the national trade sys-
tem at the international level, special attention should be paid to the efficient op-
eration of seaports. Furthermore, ports perform a complex of logistical operations
that add value (such as packaging, consolidation, cargo storage, etc.). It should
be noted that the level of development of the region’s transport and logistics
infrastructure directly affects the efficient operation of a seaport, which serves
as a transportation hub where various modes of transportation such as road, rail,
and maritime interact. The work [11] highlights that the efficient organization of
a seaport as a transportation hub, connecting the inland logistics infrastructure
and maritime routes, can achieve the goal of minimizing transportation costs and
promoting sustainable development (including reducing carbon footprint). The
high practical significance of a systematic study of a seaport demonstrates its
relevance in the case of countries in the Caribbean Basin [12], China [11], ports
along the transportation corridor under the Chinese government’s “One Belt, One
Road” initiative [6], and others. Considering various aspects when analyzing the
activities of a seaport as a significant element of the transport and logistics sys-
tem allows for the evaluation of its efficiency according to multiple criteria and
facilitates the systematic resolution of strategic-level problems as well as the im-
provement of operational activities.

The aforementioned considerations have led to the formulation of the research
objective, which is to develop a systemic approach for analyzing the effective-
ness of seaport operations using multiple criteria. To accomplish this objective, a
set of research tasks has been identified and defined: to determine a set of priority
methods of scientific cognition (analysis, synthesis, generalization, and model-
ling); to justify the need for further developments in the research topic (by identi-
fying research gaps in existing scientific research); to conduct a content analysis
of statistical data sources; to propose a methodology that considers criteria for
different levels of port management; to indicate the possibility for practical appli-
cation of the developed solution.
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Ports of the Baltic Basin of the Russian Federation

Maritime ports hold immense importance for the Russian Federation, as high-
lighted in the Strategy for the Development of the Russian Seaport Infrastructure
until 2030. This strategic plan aims to enhance various aspects of the port indus-
try, including capacity expansion, improved governance, increased competitive-
ness, and ensuring safe and sustainable development. The successful implemen-
tation of this strategy is anticipated to yield significant outcomes such as fostering
innovation within Russian ports, mitigating adverse environmental effects, and
establishing state-of-the-art port infrastructure.

Nowadays, five sea basins have been identified in the Russian Federation: the
Baltic, Arctic, Far Eastern, Caspian, Azov-Black Sea, where a total of 67 ports
operate. According to the Federal Agency for Maritime and River Transport
(Morflot), in general, the cargo turnover showed positive dynamics in 2022,
with the highest volume of transportation attributed to the ports of the Baltic and
Azov-Black Sea basins (Fig. 1).
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Fig. 1. Cargo turnover of Russian ports by sea basins, 2022, million tons

Source: compiled by the authors according to Portnews.!

Within the framework of this research, the ports of the Baltic Basin of Russia
will be considered due to their special importance for foreign trade transporta-
tion: for example, the majority of cargo transportation from Europe is handled
by the ports of the Baltic region. It is worth noting that the Baltic Basin includes
ports of the Russian Federation and other countries, while more than half of the
cargo flow in the region falls on Russian ports [13] (Fig. 2).

! Cargo turnover of Russian seaports in 2022 increased by 0.7 % to 841.5 million tons,
2023, Portnews, URL: https://portnews.ru/news/341316/ (accessed 13.01.2023).
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Fig. 2. Distribution of cargo flows in the Baltic seaports
of Central and Eastern Europe by country, 2019, %

Source: compiled by the authors based on data [13, p. 6].

The Baltic Basin of Russia includes the following ports: the Big Port of
Saint Petersburg, Vyborg, Vysotsk, Kaliningrad, Primorsk and Ust-Luga. All these
ports are located on the territory of the North-Western region of Russia, which has
significant transport potential. The region is crossed by two international transport
corridors: Corridor N°2 (“East-West”) and Corridor N*9 (“North-South”), they
are important for the country’s economic development [14; 15]. The main idea of
the North-South MTK is to create favourable conditions for the delivery of goods
from the Middle East to the Baltic states. Goods from the Persian Gulf, India, and
Pakistan are transported to the ports of the Northwestern region of Russia and fur-
ther to their destinations. MTK “East-West” allows cargo to be delivered via the
Trans-Siberian railway to the northern ports of Russia, in particular to Murmansk,
Arkhangelsk, as well as to the Baltic States and other ports. It is evident that the
quality of performing multimodal international transportation through the MTK
largely depends on the level of logistic service provided by various components
of the logistics system, including the seaport, which serves as a transportation hub
that concentrates elements of the logistics infrastructure for efficient and high-
quality cargo handling. For example, the Big Port of Saint Petersburg is served by
several railway stations, such as Novy Port and Avtovo. On the other hand, ports
are of key importance both for regional economic growth and for employment
indicators of the region’s population. For instance, it is planned that by 2030, the
Ust-Luga seaport will create 17,200 jobs, indicating a range of socially significant
initiatives beyond solving economic and logistics tasks.
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The concept of sustainable development
of the port in the context of the implementation
of transport and logistics activities

It is important to note that studying the problems of the port is impossible
without a systematic approach, which includes taking into account a wide vari-
ety of factors that have both direct and indirect impacts on its activities. In this
regard, the concept of integrated coastal zone management (ICZM) represents
a special scientific and practical interest. As mentioned in [8, p. 145], “effective
management of the coastal area requires integrating the natural environment and
human activities into a single system.” The authors [8; 10; 16] emphasize that
the comprehensive approach to coastal zone management involves considering
various aspects: ecosystem development, use of natural resources to achieve
socio-economic development goals and objectives, the existence of conflicts
between nature use and other maritime activities, the possibility of human eco-
nomic activity in the coastal zone, etc. According to foreign experts [17], a com-
prehensive approach to coastal zone management (and, correspondingly, the
elements of the transport and logistics system located within it) should involve
close collaboration with government authorities in implementing any initiatives.
Referring to the research findings [18], it is worth noting that key environmental
issues related to the activities of seaports include water and air quality, noise,
and waste disposal. This problem has long been under the close attention of the
world community. In particular, the Baltic region is included in the SECA (sulfur
compound emission control area), which imposes a ban on the use of marine fuel
with a sulfur content of more than 0.1%. This means that using fuel oil, which is
the most cost-effective fuel option, is not allowed. As the analysis of sources [19]
has shown, today there is an active search for opportunities to manage indicators
of sustainable development of the port’s activities, taking into account these
limitations and the environmental aspect in general. Foreign specialists [20] pro-
pose the following metrics for assessing environmental efficiency, which are
part of the concept of a “green port”: carbon footprint, waste management, and
water consumption volumes. The listed indicators are operational; on the other
hand, there are also managerial indicators such as an environmental monitoring
program, environmental management, environmental training for personnel, and
preparation of environmental reports [21]. Managerial indicators pertain to the
strategic level of management. Ports that develop strategies to reduce negative
environmental impacts and adhere to them can be considered sustainable since
their activities enhance the sustainability of transportation and supply chains as
a whole [22]. The concept of a sustainable port is relatively new, and various
interpretations may be found in the literature. For instance, the American Asso-
ciation of Port Authorities introduced the term “sustainable port” in 2007, which
encompasses a set of strategies and actions by the port that meet the current
needs of stakeholders, ensure the protection of natural resources, and consider
social aspects of personnel management. At the same time, interested parties
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may be investors, cargo owners, ship owners, shipping companies, stevedores,
the state, ministries, port administration, etc. [23]. On the other hand, European
specialists often use the terms ‘sustainable’ and ‘green’ port interchangeably,
emphasizing that the activities of such a seaport are focused on developing, im-
plementing, and monitoring programmes to reduce environmental impacts [24].
Some differences in understanding these terms can be noted: the concept of a
green port focuses on addressing environmental issues, while sustainability con-
cerns problems of an economic, social and environmental nature, which, in our
opinion, are most succinctly reflected in the ESG (Environmental, Social, and
Governance). There is no exact translation of this foreign term in the domestic
literature, but the concept is commonly understood as a combination of “envi-
ronment,” “social sphere,” and “management.” In some works, in particular, in
[25], a quantitative method for evaluating indicators included in the main cat-
egories of ESG is proposed. Further development of the issue of assessing the
effectiveness of the port’s activities, in our opinion, should be developed within
the framework of the ESG concept as a tool for a multidimensional vision of the
problems of the port’s functioning through the prism of a systematic approach
to the ICZM.

Methodology for conducting
a comprehensive analysis of the efficiency of ports

The question of analyzing the efficiency of logistical activities in seaports
is particularly relevant in light of the modern challenges faced by the Russian
economy. Accurate results from performance evaluations of logistics activi-
ties in seaports will enable the timely identification of “bottlenecks” and the
implementation of appropriate measures to eliminate them. Let us consider in
more detail the methodological basis for conducting a comprehensive multidi-
mensional analysis of the activities of the seaport as the most important border
transport hub between internal and external trade flows. ISO 9000 states that ef-
ficiency is understood as the ratio between the obtained result and the resources
used to achieve it. The efficiency of a company’s work can be indicated by cer-
tain indicators, which can be classified into two types: generalized indicators or
particular metrics. The first type includes key performance indicators that allow
taking into account total costs, execution time, investment volume, service, and
performance indicators [26]. The second group consists of specific indicators
related to the performance of operational tasks: port capacity, productivity, cus-
tomer satisfaction with the provided service (which is reflected in global ratings,
for example, in the LPI — Logistics Performance Index calculated by the World
Bank), port cargo turnover, and others. As already noted, today the efficiency of
port operations is also associated with reducing the carbon footprint. Obviously,
from the perspective of applying a comprehensive approach, various port per-
formance indicators should be evaluated according to the level of responsibil-
ity of the decisions taken (strategic, tactical, operational) and the time horizon
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(short-term, medium-term, long-term). The conceptual approach proposed by
the authors of this study implies, at the first stage, identifying all the parties
involved in the interaction structure of the seaport and the external environ-
ment. This group may include cargo owners, consignees, logistics companies,
transportation companies, shipping companies, port administration, investors,
government agencies, municipalities, ministries, and others. The efficiency of
the port depends on different indicators for each group, so the next step is to
determine a set of characteristics suitable for everyone. For example, investors,
the government, and port administration assess the efficiency of port activities
from the perspective of cargo turnover. Additionally, for the government, the
efficiency of the port depends on the use of modern environmentally friendly
equipment. From the point of view of cargo owners, the efficiency of the port
will be higher if a “smart port” system is implemented in the port. For operators,
a high level of efficiency involves following the trend of implementing remote
equipment control systems, while employees performing current tasks may face
difficulties in mastering new technologies.

On the other hand, the seaport interacts with the participants of the external
environment who are not interested in the results of its activities directly, but in-
directly influence it. For example, to carry out loading and unloading operations
in the port, lifting and transporting equipment is necessary, therefore, the port’s
activity depends on equipment suppliers, the main criteria for the effectiveness of
which are the quality of the equipment supplied, the delivery time and the prob-
ability of accurate fulfillment of contractual conditions. In addition, the quality
of the provided utility services is crucial for the uninterrupted operation of the
seaport.

Another significant aspect concerns the issues of investment planning in deter-
mining the amount of funds allocated for the development of digital technologies,
modernization of access roads, reconstruction of quay walls, construction of ap-
proach channels, or equipment procurement.

Taking into account the above-mentioned aspects, the methodological ap-
proach to the analysis of the port’s activities, which allows for the consideration
of temporal and managerial factors, aspects of investment planning and sustaina-
ble development, can be presented in the form of a matrix (Fig. 3).

As seen in Figure 3, efficiency analysis for different management levels is
based on different information sources and categories. That is why the suggest-
ed approach requires the relevant database about the seaport’s performance:
financial reports, port schemes, its terminals, etc. Moreover, for the efficient
application of the proposed approach, there should be data available about the
partners of the seaport in order to define the stakeholders [23]. The complex
analysis and further assessment of performance efficiency, in correlation with
the conceptual ideas proposed by the authors, can be achieved through several
steps (Fig. 4).
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Decision-making level

Strategic Tactical Operational
Time, t —
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Strategic goals Regulations and rules of the |Process standardization
statement seaport activities
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cooperation between
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strategy: Cooperation with the service
Cooperation providers

High service level

Costs reduction

Process definition Completing logistics operations:
Task statement: Cargo handling operations
Short-term Cargo consolidation

Sustainable development Storage
Increasing customer loyalty Customs clearance

Process support Road maps on applying the new

(informational, financial, technologies

service)

Defining the opportunities: = Technology usage

resources

Stakeholders

Seaport authorities Cargo owner Logistics company
Stakeholders Consignee Transportation company
Government Shipping company
Public authorities
Ministry

Fig. 3. Matrix of multi-level efficiency performance analysis of the seaport:
characteristics of the steps and levels of realization for different groups of stakeholders

As seen in Figure 3, efficiency analysis for different management levels is
based on different information sources and categories. That is why the suggested
approach requires the relevant database about the seaport’s performance: finan-
cial reports, port schemes, its terminals, etc. Moreover, for the efficient applica-
tion of the proposed approach, there should be data available about the partners
of the seaport in order to define the stakeholders [23]. The complex analysis and
further assessment of performance efficiency, in correlation with the conceptual
ideas proposed by the authors, can be achieved through several steps (Fig. 4).
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1. Defining stakeholders

2. Defining groups of stakeholders having direct influence
on the port performance

3. Grouping of efficiency indicators for stakeholders

4. Investment assessment of the port development using
the complex indicator

5. Developing conclusions and a system
of recommendations

Fig. 4. Algorithm of the efficiency analysis of the seaport

Sequential actions presented in Figure 4 allow concluding that the well-known
rules of the systemic approach, such as integration, integrity, decomposition, and
hierarchy [27], can contribute to achieving the tasks of complex investigation
of the seaports activities, and increase the decision-making quality at all man-
agement levels with certain time perspectives. As mentioned earlier, the system
approach to the process management investigation has been studied within the
ideas of ICZM, where sustainable development is considered from the long-term
perceptive of commonwealth governance of economic, political and social fac-
tors.! In the short term, the perspectives of sustainable development may not be
attractive, whereas in the long term, the situation is quite the opposite. This em-
phasizes the need of concentrating the attempts on considering different aspects
of the ICZM with sustainable development goals on the strategic management
level according to the proposed matrix (Fig. 3). There is an objective need to
design a model of efficiency assessment of management decisions on operational
and strategic management levels, their correlation and influence on the goal func-
tion relevant in the following aspects of ICZM:

1) ecological balance;

2) economic indicators;

3) ethical aspects;

4) institutional aspects;

5) social aspects;

6) technological development.

! Towards a European Integrated Coastal Zone Management (ICZM) Strategy: the Gen-
eral Principles and Policy Options, a reflection paper, 1999, Directorates-General Envi-
ronment, Nuclear Safety and Civil Protextion Fisheries Regional Policies and Cohesion,
URL: https://ec.europa.eu/environment/iczm/pdf/voll.pdf (accessed 02.02.2023).
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Thus, the research question of the present study aims to design performance
indicators that align with the complex functioning of the seaport. These indicators
should encompass various aspects of port activity and deviate from traditional ap-
proaches, such as comparing current values with those from the previous period,
among others.

Analysis of the performance efficiency indicators
of the Baltic seaports

Further, we consider diversified technical metrics relevant to the port per-
formance analysis in order to verify the proposed methodology for tactical and
strategic management levels [28; 29]. It includes the tasks of facility allocation,
process intensity, number of technical vehicle service zones and so on [30—32].
The generalized results of the analysis of technical-related features are presented
in Table 1.

Table 1
The basic technical characteristics of the Baltic seaports, 2022 year
Throughput
capacity, Navigation Port area, | Water area, | Berths
Port .
thousand tons period hectares km? number
per year
Saint Petersburg 118246.01 All year round 745.9 616.93 149
Vyborg 1970 All year round 16.658 2.87 9
Vysotsk 21200 All year round 143.6 1.26 8
Kaliningrad 45023.2 All year round 376.91 21.33 106
Primorsk From May till
86.5 November 247.448 31.77 12
Ust-Luga 156000.25 All yearround |1188.1997| 67.56 41

Source: complied according to the Rosmorport.!

The next step of the Baltic Seaports analysis includes an investigation of the
investment activities. Consider the investment projects realized up to the current
period and their results (Table 2).

Table 2
Investment projects implemented by the Baltic Seaports, 2022 year
Port Investment project Period Results

Saint Petersburg |Icebreaking fleet facili- 2018 The necessary safety facilities
ties have been launched for the icebreaking fleet have

(two berths and naviga- been established, resulting in

tion signs) decreased costs for renting

berths

! North-western basin branch, 2022, Rosmorport, URL: https://www.rosmorport.ru/fil-
ials/spb_seaports/ (accessed 28.12.2022).
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The end of Table 1
Port Investment project Period Results
Vyborg Large-scale moderniza-|2024—2025|Port dependence on the coal
tion associated with a re- supply has been decreased
duction in coal shipments
and a focus on liquid car-
go
Vysotsk A grain terminal is 2022 Plans include the creation
planned to be launched of 50 jobs, along with the
with an estimated con- construction of a warehouse
tract sum of 5.5 billion complex with a capacity of
rubles 240,000 metric tons
Kaliningrad The reconstructed base 2019 Nine buildings have been
of navigation equipment built.
was put into operation The berth has been recon-
structed.
Increased safety of ships nav-
igation
Primorsk Realization of the pro-| Up to 2024 |The cargo turnover of the port
ject ‘Primorsky universal increased up to 65 million
loading complex’ tons per year.
A logistics centre and new
terminals were built
Ust-Luga The new water area in the 2022 There are created conditions
southern part of the port for the ships «Astrakhan»,
was started for use «SL-7», «SO-14»

Source: complied according to the Rosmorport.!

Despite the complicated economic and political situation in the country and
worldwide, planned investment projects aimed at modernizing and enhancing
the performance of Baltic seaports are not being squeezed or postponed. On the
contrary, new investment projects are being developed.

The next step of the proposed conceptual approach is focused on environ-
mental concerns. As mentioned earlier, the objectives of sustainable development
garner significant attention from local authorities and international communities.
This is reflected in the activities of the seaport through information integration
and the utilization of advanced technologies [33]. For example, the ‘Ecological
justification of economic activities to maintain the design depths in the water are-
as, channels and fairways of the seaport Big Port Saint Petersburg in 2016 — 2026’
is the document that was developed to regulate the annual performance of repair
dredging. As part of the implementation of this project, a total of 53.9 million
rubles were allocated to the port for fish farming based on the results from 2012
to 2021. This allocation allows for a comparison between the goals of sustainable
development and the budget planning of the port.

! North-western basin branch, 2022, Rosmorport, URL: https://www.rosmorport.ru/fil-
ials/spb_seaports/ (accessed 28.12.2022).
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Let us consider other examples of the ecological activities of the Baltic Sea-
ports. In particular, the port authorities of Saint Petersburg have developed an
ecological programme, receiving annual funding (in 2019 — 66 million rubles).
The main ecological services provided by that port are the following: collecting,
transporting and disposal of the ship wastes. The same eco-services are provided
in the port of Ust-Luga with the use of a vessel collector, a waste processing sta-
tion and specialized transport for waste transportation.

The ecological policy of the Kaliningrad port includes various environmental
protection measures, such as enhancing personnel qualifications in this field and
implementing measures to prevent air and water pollution. The Kaliningrad port
administration has implemented the following actions: equipping tankers with
floating roofs to reduce air emissions, waterproofing the surfaces of tankers to
eliminate the possibility of soil pollution, and constructing treatment facilities to
prevent water resource pollution.

Vyborg Port demonstrates a proactive approach in adhering to sustainable
development principles. For example, in 2018, they developed an ecological
strategy that spans until 2025. This strategy facilitated the implementation of
dust-reducing equipment to mitigate coal dust in and around the port premises.
Furthermore, the port authorities allocated funds to provide citizens with dou-
ble-glazed windows to reduce noise levels in their homes.

In contrast, the port of Vysotsk has not implemented similar measures, result-
ing in citizens filing lawsuits highlighting negative impacts associated with the
port's activities. The only environmental initiative undertaken by the port was the
launch of a complex of treatment facilities in 2011.

Of particular interest are the characteristics of port activities during the last
year. Analysis of statistical data and reports from 2022 reveals that these changes
are a result of sanctions and limitations imposed on companies engaged in various
activities within the seaport territories. Despite significant investments in infra-
structure and the implementation of informational transformations in the Baltic
Seaports (totaling 117.1 million), the development dynamic is currently negative.
Specifically, the Saint Petersburg port’s performance has been affected adversely.
In 2022, the share of incoming ships decreased by 30 %, with only 294 sea vessels
recorded compared to 418 in 2021. The decline in the number of foreign vessels
arriving at the Baltic Seaports appears to be the primary factor contributing to
this trend. However, it is worth noting that in March 2022, the number of vessels
arriving at the port of Ust-Luga remained stable compared to the same period in
2021, while the port of Primorsk witnessed an increase in vessel arrivals. This
observed imbalance emphasizes the need for seaports to have a sensitive logistics
system in conditions of external instability, necessitating careful monitoring and
evaluation of their activities.

Performance analysis requires the use of a system of indicators. The most rel-
evant is the accounting of five groups of key indicators: indicators of operational
activity, the level of technical (including innovative) development, environmen-
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tal factors [34], socially significant indicators (for example, the level of migration
[35]), and economic indicators [26]. At the same time, there is no single integrat-
ed approach to the number and composition of performance indicators today [21;
36]. In [21], it is emphasized that studies on the evaluation of port performance
and the development of a system of performance analysis indicators can be divid-
ed into three groups in accordance with the focus of publications:

— the impact of emissions (including greenhouse gases) on the ecosystem of
coastal zones, including those associated with intensive port activity;

— introduction of advanced sustainable development practices into the work
of the port;

— efficient use of the economic and ecological potential of coastal zones in
the context of achieving target values.

However, it is important to note that none of the mentioned directions can be
considered the sole correct approach. Only a systemic approach can provide an-
swers to the challenging questions of port logistics management. Therefore, the
use of comprehensive performance indicators becomes particularly intriguing,
as they enable the tracking of the interplay between environmental protection
initiatives, social aspects, and the economic outcomes of seaport activities. In our
view, the approach presented in the work of Italian experts [21] is highly valua-
ble, as it facilitates the consideration of these parameters through two essential
indicators of port efficiency:

— EQI — Environmental Quality Index, it is used to access the pollution lev-
el of the coastal zone related to the port activities; EQI can be defined with CO,
volume. The lower EQI, the worse environmental conditions of the coastal zone
of a certain port. In the article [21] the authors suggest defining EQI through the
relation of cargo turnover to the emissions volume CO,.

— The GPE (Green Port Efforts) index reflects the environmental obligations
of port authorities and encompasses several blocks: the strategy of eco-manage-
ment, eco-design, and ecological certification. The first block includes activities
aimed at reducing emissions, optimizing energy usage, and the mandatory inclu-
sion of eco-related aspects in concession contracts. The second block involves
projects for environmental protection of the coastal zone, financed by the gov-
ernment and/or port authorities. The third block considers the application of eco-
logical certification (ISO-14001) in port activities, the implementation of envi-
ronment-protection projects in the coastal zone, and the monitoring of water and
air quality. This block is particularly significant as eco-certification is a voluntary
option that highlights the port's initiatives for environmental protection. In our
research, we define GPE based on the relationship between investment volume
and innovations in the port area. This allows us to focus on the effectiveness of
investments in specific coastal zones. Additionally, we consider a decreasing co-
efficient if there is no regular monitoring of air and water pollution, or an increas-
ing coefficient if ecological monitoring is conducted on a regular basis. A higher
GPE value indicates higher port performance.
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In the context of ICZM both indicators look relevant as their application al-
lows taking the port performance with economic, ecological, social aspects, and
consider the positions of stakeholders (including investors) on multidimensional
seaports analysis (Fig. 3)

After considering the number and sequence of the indicators, the next step in
the assessment analysis involves selecting an appropriate methodology. In the
article [37], the Data Envelopment Analysis (DEA) is proposed as a decision
support process for assessment. The authors conducted the DEA using MATLAB
and DEA solver in MsExcel. However, despite its advantages, this approach has
certain limitations when aiming for unambiguous efficiency assessment. For in-
stance, in the context of the considered data volume, the number of research
objects is significantly lower than the input and output parameters. Additionally,
there may be a high level of errors in accordance with the input and output pa-
rameters, among other challenges. That is why we suggest using the methodology
of benchmarking (or best practice) and method of the proportional effect distri-
bution [38; 39] to create combined metrics.! To track the correlation between the
innovative activity of a specific port, which focuses on environmental protection
and operational excellence, and its economic results, the performance assessment
can be conducted using two comprehensive indicators, EQI and GPE. Table 3
provides the descriptive statistics and performance indicators of the Baltic Sea-
ports.

Table 3

Descriptive statistics and performance indicators of the Baltic Seaports of Russia

Parameter, data on 2022 year

Saint Petersburg
port
Vyborg port
Vysotsk port
Kaliningrad port
Primorsk port
Ust-Luga port

Descriptive
Monitoring of the air and water
quality on the coastal zone** 1.1 1.1 0.1 1.1 1.1 1.1
Port area, hectares 745.9 | 16.658 | 143.6 | 376.91 |247.448|1188.2
Number of employees, people 1100 | 477 509 1055 892 520
Volume of investments to innova-

%]

tatistics for 2022 year™

tions, million rubles 1500 | 2400 | 5500 | 2000 1090 | 30000
EQI: CO, emissions, million

tones 0.101 | 0.002 | 0.042 | 0.023 | 0.148 | 0.323
Cargo turnover, million tones 38.8 0.6 16 8.9 57.1 124.1

Estimated performance indicators

1384.16| 300 | 380.95 | 389.96 | 385.81 | 384.21

EQI

! Fact-finding studies in support of the development of an EU strategy for freight
transport logistics Lot 1: Analysis of the EU logistics sector, 2015, Publication office
of the European Union, URL: https://op.europa.eu/en/publication-detail/-/publication/
4c60a2c5-969e-11e7-b92d-01aa75ed71al (accessed 05.12.2022).


https://op.europa.eu/en/publication-detail/-/publication/4c60a2c5-969e-11e7-b92d-01aa75ed71a1
https://op.europa.eu/en/publication-detail/-/publication/4c60a2c5-969e-11e7-b92d-01aa75ed71a1
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The end of Table 2
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EQL %

17.26 | 13.48 | 17.12 | 17.53 | 17.34 | 17.27
Deviation from the leading port,

% ~0.26 | -4.04 | -040 | 0 | -0.19 | -0.26
GPE 1.57 | 553 | 1.08 | 2.08 | 1.34 | 63.46
GPE, % 2091 | 737 | 143 | 2.77 | 1.79 | 84.53
Deviation from the leading port,

% -82.43|-77.16| -83.09 | -81.75 | -82.74| 0

Source: complied from the data.!

** Value 1,1 corresponds to monitoring procedures conducted, 0,1 corresponds to
none of monitoring procedures conducted.

! North-western basin branch, 2023, Rosmorport, URL: https://www.rosmorport.ru/
filials/spb_seaports/ (accessed 30.12.2022) ; Sustainable development, 2023, Sea-
port Saint Petersburg, URL: https://seaport.spb.ru/sustainable-development/ (accessed
04.01.2023) ; About us, 2022, Seaport Saint Petersburg, URL: https://seaport.spb.ru/
about/ (accessed 29.12.2022) ; Disclosure of information on the possibilities of water
supply and sanitation, 2023, Seaport Saint Petersburg, URL: https://seaport.spb.ru/doc-
uments/information-disclosure/organization-of-water-supply-and-sewerage/ (accessed
11.01.2023) ; Environment, 2023, Seaport Saint Petersburg, URL: https://seaport.spb.
ru/sustainable-development/environment/ (accessed 01.02.2023) ; The cargo turnover of
Russian ports has increased on 0,7 % (detalization), 2023, Portnews, URL: https://port-
news.ru/news/341725/ (accessed 11.02.2023) ; Ecology, 2023, Port logistic, URL: http://
www.portlog.ru/jekologija/ (accessed 11.02.2023) ; «Northseaproject» will finish the re-
construction of three berths and Gutuev island the Seaport of Saint Petersburg, 2023,
Portnews, URL: https://portnews.ru/news/341600/ (accessed 19.01.2023) ; A dry-cargo
port will be built in the Vyborgsky District for more than 24 billion rubles, 2019, Rian-
ews, URL: https://ria.ru/20190606/1555336031.html (accessed 19.01.2023) ; Terminals
competition: on the Baltic it is announced another new project, 2022, RBC, URL: https://
www.rbc.ru/spb_sz/01/09/2022/63105abb9a794721b4460a75: (accessed 10.01.2023) ;
News of the North-Western Basin Branch, 2022, Rosmorport, URL: https://www.ros-
morport.ru/filials/spb_news_main/44713/ (accessed 11.12.2022) ; Investors will invest 1
billion in the project of a new port in Primorsk, 2019, Moika 78, URL: https://moika78.
ru/news/2019-05-23/234061-investory-vlozhat-1-mlrd-v-proekt-novogo-porta-v-pri-
morske/ (accessed 12.12.2022) ; The Leningrad region has approved a marine project
worth 30 billion rubles and 600 workplaces, 2022, RBC, URL: https://www.rbc.ru/spb_
sz/17/06/2022/62ac1da59a794789f2a507d1 (accessed 24.12.2022) ; The main indicators
of environmental protection, 2021, Rosstat, URL: https://rosstat.gov.ru/storage/media-
bank/oxr_bul_2021.pdf (accessed 24.12.2022) ; Russian Seaport turnover during the first
12 months of the 2022 year, 2023, Association of the sea trading ports, URL: https://
www.morport.com/rus/news/gruzooborot-morskih-portov-rossii-za-12-mesyacev-
2022-g (accessed 20.01.2023).


https://www.rosmorport.ru/filials/spb_seaports/
https://www.rosmorport.ru/filials/spb_seaports/
https://seaport.spb.ru/sustainable-development/
https://seaport.spb.ru/about/
https://seaport.spb.ru/about/
https://seaport.spb.ru/documents/information-disclosure/organization-of-water-supply-and-sewerage/
https://seaport.spb.ru/documents/information-disclosure/organization-of-water-supply-and-sewerage/
https://seaport.spb.ru/sustainable-development/environment/
https://seaport.spb.ru/sustainable-development/environment/
http://www.portlog.ru/jekologija/
http://www.portlog.ru/jekologija/
https://portnews.ru/news/341600/
https://ria.ru/20190606/1555336031.html
https://www.rosmorport.ru/filials/spb_news_main/44713/
https://www.rosmorport.ru/filials/spb_news_main/44713/
https://moika78.ru/news/2019-05-23/234061-investory-vlozhat-1-mlrd-v-proekt-novogo-porta-v-primorske/
https://moika78.ru/news/2019-05-23/234061-investory-vlozhat-1-mlrd-v-proekt-novogo-porta-v-primorske/
https://moika78.ru/news/2019-05-23/234061-investory-vlozhat-1-mlrd-v-proekt-novogo-porta-v-primorske/
https://www.rbc.ru/spb_sz/17/06/2022/62ac1da59a794789f2a507d1
https://www.rbc.ru/spb_sz/17/06/2022/62ac1da59a794789f2a507d1
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The analysis of the results obtained indicates that the seaport of Kaliningrad
demonstrates the highest effectiveness in terms of reducing the anthropogenic
impact on the environment, with an EQI value of 17.53 %. Herewith, the devi-
ation of the majority of other ports do not exceed 0,4 %, except Vyborg (4 %).
According to the GPE indicator, which reflects the effectiveness of the use of
investments in innovations in the territory of the seaport, the Ust-Luga port
obtained the higher GPE value (GPE =84 %). The proposed approach for cal-
culating two performance indicators of the port takes into account multiple as-
pects of its activity, including economic, investment, social, environmental, and
technological factors. This approach offers a new perspective on the traditional
problem of analysis and efficiency evaluation in ports.

Table 4 presents a matrix that outlines the statistical indicators of port ac-
tivity, which are considered in determining the comprehensive indicators of
Environmental Quality Index (EQI) and Green Port Efforts (GPE). The table
provides a schematic representation of the various factors and indicators that
contribute to the overall assessment of the port's performance in terms of envi-
ronmental sustainability and operational efficiency.

Table 4
Matrix of Parameter Correlations: Four Performance Aspects
in Relation to Management Levels

Decision-making level Strategic Tactical Operational
Aspects of port performance
Economic Port area Cargo turnover
Investing Investments
Technological Investments
Ecological Eco-projects Emissions

Note: the green color reflects the parameters used in EQI estimation, the orange color
reflects the parameters used in GPE estimation.

The proposed approach enables the evaluation of port activities using multiple
criteria through the utilization of two comprehensive performance indicators —
EQI and GPE — across various management levels. The resulting quantitative
index provides a relative assessment of efficiency and can be utilized for moni-
toring the port’s performance over time.

Based on the analysis of the results obtained, the authors developed a system
of recommendations to improve the efficiency of the ports of the Baltic Basin of
Russia by improving the values of the parameters included in the calculation of
EQI and GPE indicators:

1. It is necessary to increase the volume of investments in the ports of Pri-
morsk and Kaliningrad, as the number of inward vessel flows to these ports is
growing despite the sanctions.
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2. As part of the activities of each analyzed port, it is important to focus on the
development of technological capabilities, including the automation and digitali-
zation of cargo handling processes, to reduce CO, emissions.

3. It is require to introduce modern environmentally friendly technologies into
the activities of ports.

4. A strategic plan needs to be developed, which includes identifying target
markets and products, as well as assessing opportunities to increase the volume
of processed cargo flows. This measure is particularly relevant for ports experi-
encing a downward trend in cargo turnover, such as Vyborg, Vysotsk, and Saint
Petersburg.

5. Business processes in the analyzed ports should be optimized to reduce
time losses, which will improve efficiency in terms of economic indicators.

Improving and modernizing the infrastructure of Vyborg and Vysotsk ports
can significantly increase their cargo turnover. Measures for achieving this in-
clude the construction of new berths and the enhancement of loading and unload-
ing equipment.

6. In ports such as Ust-Luga, Saint Petersburg, and Primorsk, tax incentives
could be introduced for ships that use environmentally friendly fuels. This initia-
tive aims to stimulate the use of environmentally friendly vessels, which will help
reduce the carbon footprint.

7. The installation of energy-saving technologies can be implemented as a
measure to reduce emissions from port activities.

Discussion and conclusions

In this article, we consider a seaport as a critical element of the country’s
transport and logistics system. We propose an investigation of its activities us-
ing a developed algorithm for analyzing port performance, along with the ap-
plication of a conceptual scheme that includes a list of tasks implemented with-
in the operational, tactical, and strategic levels of management. The proposed
methodological approach enables the analysis and evaluation of a port’s effi-
ciency, considering both traditionally used indicators of a technical nature and
economic efficiency indicators, as well as investment planning and sustainable
development goals. To accomplish this, we suggest, at the first stage, identifying
stakeholders and then grouping them by management levels. Based on the tasks
of each level, specific parameters are utilized in the estimation of performance
indicators.

The study utilized data on cargo turnover, investment in innovation, carbon
emissions, port area, and the number of environmental project initiatives aimed
at achieving sustainable development goals and objectives as the basis for calcu-
lating two comprehensive performance indicators (EQI and GPE). To validate the
proposed approach, the article presents the results of cargo turnover in Russian
ports, determines the market share of ports in the Baltic basin, examines invest-
ment projects, port throughput, innovations in reducing the anthropogenic impact
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of port infrastructure on the environment, and more. Consequently, performance
indicator values were obtained for each port in the Baltic basin for the year 2022,
and a system of recommendations has been developed. As a result, all research
tasks have been fully completed, and the study goal has been achieved.

We also highlight that the proposed approach is applicable to the analysis and
evaluation of port activities in other regions of Russia, as it serves as a univer-
sal tool for strategic management. The comprehensive examination of various
aspects of seaport functioning through a three-level management system under-
scores the practical significance of this work for top and middle-management
personnel. Consequently, the integrated approach presented in the article encom-
passes a multidimensional analysis of port efficiency, incorporating both tradi-
tional economically significant indicators and new facets of activity. Considering
these aspects becomes particularly relevant in the face of global changes and
challenges.

Considering the current international situation, it can be concluded that polit-
ical and economic factors exert a significant influence on the port business. This
situation presents both challenges and opportunities for seaport management.
On one hand, it presents a challenging situation; on the other hand, it encourages
the exploration of new solutions to adapt to prevailing market conditions. There-
fore, the scientific discourse on analyzing seaport activities can be further ex-
panded to explore the incorporation of risk management methods. This includes
examining various strategies for managing shocks and post-shock conditions in
seaport operations as integral components of the logistics system during crisis
situations.
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