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PROGRESSIVE PRACTICES OF IMPLEMENTING
PUBLIC-PRIVATE PARTNERSHIP PROJECTS IN
CRITICAL INFRASTRUCTURE

ABSTRACT

Private-public partnerships (PPPs) have become one of the leading and most effective
models for investing in critical infrastructure, so the use and development of PPP models
based on best practices is of particular importance in the current crisis period and during
post-war recovery due to high pressure on the state budget and high risks for invest-
ment. The purpose of the study is to analyze progressive practices for the implementa-
tion of PPP projects for the critical infrastructure sectors and to develop recommenda-
tions for formulating a strategy for the usage of PPP projects in the different sectors of
Ukrainian critical infrastructure. A detailed analysis of current approaches to the imple-
mentation of PPPs in the field of critical infrastructure was conducted, progressive prac-
tices of applying digitalization tools in this area were identified, and problems and pro-
spects for their implementation were outlined. The potential factors, barriers and incen-
tives based on regulatory, political, social, and technical factors that affect the imple-
mentation and effectiveness of PPPs in creating a modern "smart infrastructure" are
highlighted. It is determined that the most important sectors for the execution of PPPs
projects in most countries in recent years have been transportation, environment, edu-
cation, healthcare, and telecommunications. However, the analysis of PPP projects in
Ukraine concluded that the main areas of focus were the production and supply of wa-
ter, gas and heat, while less attention was paid to infrastructure for education and
healthcare. The article proposes strategies for the implementation of PPPs and deter-
mines the importance of each of their components for the successful implementation of
PPPs, which will be relevant for Ukraine, especially at the stage of post-war reconstruc-
tion of critical infrastructure. The results of the study provide systematized information
that will be useful for civil authorities, potential investors, and the scientific community.

Keywords: critical infrastructure, investment, investment projects, public-private
partnership, post-war reconstruction, critical infrastructure sectors, smart infrastructure
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INTRODUCTION

Given the amount of investment in critical infrastructure that is needed in the near
future, most governments around the world are seeking to attract additional private
funding for its development. Strengthening the significance and functions of the private
sector in infrastructure makes it possible to increase investment in more modern, high-
quality and safe infrastructure and help to improve efficiency, but it is difficult to achieve
this goal. The complex nature of public-private cooperation requires significant attention
from public authorities responsible for policy formation and implementation to identify
opportunities and incentives to attract private-sector investment, include long-term
costs in the budget process, and appropriately allocate project risks between private
and public participants.

The topic of public-private partnerships (PPPs) is extremely relevant, as this model of
cooperation between the government and private sector representatives has significant
market and social potential for the country's socio-economic development. As the cases
of many countries show, it can be successfully used to develop public infrastructure
and, as a result, has a substantial impact on the competitiveness of the state.
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The growing complexity of economic processes, driven by technological and social progress, requires a higher level of
cooperation and pooling of unique resources to achieve a new level of social development. In most cases, the state and
individuals are not able to solve complex problems that require significant financial efforts, innovative technologies and
skills. In addition, it can be time-consuming. Attracting private investment for the development of "smart infrastructure”
based on the PPP model is of particular importance in the current crisis period due to the high pressure on the state budget
and the decline in foreign direct investment.

LITERATURE REVIEW

Over the past few years, public-private partnership (PPP) for infrastructure projects have become a topic of considerable
attention from both practitioners and academia.

Akomea-Frimpong et al. (2023) aimed to analyze and summarize the existing literature on the use of PPPs to achieve
sustainability in infrastructure projects in the country. Their review discovered that there is little research on relevant issues
related to PPPs and the Sustainable Development Goals, such as critical resilience, climate measures, clean energy, and
sustainable finance.

According to the Sustainable Development Goals declared by the United Nations, access to energy, responsible consump-
tion and sustainable development are critical issues worldwide. To this end, Balcilar et al. (2023) investigated the key role
of public-private partnerships (PPPs) for energy investments in Turkey, which is at the moment trying to achieve its energy
balance towards energy efficiency. The empirical results from econometric modelling showed a long-term equilibrium
relationship between the identified variables, which can be traced using the autoregressive distributed lag (ARDL) limits
test. The authors also observed a positive relationship between energy investment through PPPs and the country's energy
intensification in both the short and long term. A similar trend could be seen between FDI, GDP growth, and energy
intensity. The policy implications of the research suggest effective investment in clean energy (renewable energy) as part
of Turkey's efforts to intensify its energy sector to ensure sustainable development. In addition, the involvement of PPPs
is a desirable dimension of sustainable economic growth. Such results demonstrate the importance of developing this
investment form in order to achieve sustainable infrastructure development.

The study by Gao et al. (2023) empirically investigates the asymmetric relationship between PPPs for energy investments
and CO2 emissions for selected Asian countries from 1990 to 2019. The authors use the econometric approach of nonlinear
autoregressive distributed lag (NARDL) modelling for the estimation. The authors argue that the government should en-
courage PPP investments in the renewable energy sector in selected Asian countries by creating incentives for the mainte-
nance of environmental quality.

The choice of private partners is a vital decision to ensure the success of the project. The selection process is needed to
identify, screen and prequalify potential private partners that have the greatest potential to implement the identified PPP
projects. To this end, Mohammed Abdelkader et al. (2023) proposed an integrated multi-criteria decision-making model
for choosing the best private partners for PPP projects. The proposed model is conceptualized on the basis of two levels
of multicriteria decision-making. At the first level, the fuzzy analytical network process is used to carefully examine the
relative importance of the priorities of the private partner selection criteria. For this purpose, the PPP selection criteria are
categorized into several groups of factors, including safety, environmental, technical, financial, political, and governance.
At the second level, a set of 7 multi-criteria decision-making algorithms is used to identify the best private partners for
PPP projects.

Four real cases are analyzed to test the feasibility and applicability of the offered integrated model. The results indicate
that governance, political, safety and environmental criteria have been assigned different levels of significance depending
on the nature of the infrastructure projects. In addition, financial and technical criteria were added as the highest priority
criteria for different infrastructure projects. It can be postulated that the proposed model can guide government leaders
in assessing the capability of a partner to achieve their strategic goals. The model also sheds light on the strengths,
weaknesses, and opportunities of potential private partners in an attempt to neutralize threats and capitalize on opportu-
nities offered by the modern market (Mohammed Abdelkader et al., 2023).

The increasing use of PPPs in the development of infrastructure and delivery of public services has posed various com-
mercial challenges for public sector entities in their ability to initiate, secure and manage PPP projects. Zhang et al. (2023)
focus on the importance of project owner capabilities in infrastructure project development and explore how actors learn
to develop new enterprising capabilities for procuring infrastructure PPPs, such as the ability to determine project scope
and procure and manage suppliers, to fit the PPP context. The authors used a qualitative case study of a state-owned
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enterprise in China, which at the time of the study was in the early stages of applying a PPP approach to the procurement
for the subway projects.

In theory and in practice, cooperation is the key to effective urban development, which is most often considered through
the establishment of PPPs. To systematize the existing practices in the scientific literature, Quan et al. (2023) conducted
an in-depth integrative literature review, conducted a content analysis, and identified 4 key areas: locality, stakeholder
complexity, tension, and trust building. These 4 areas form the background of their proposed model and describe the key
elements that impact the formation of PPPs in smart city projects. The authors argue that the partnerships involved in
smart city projects need to be further developed to ensure transparency and participation in different contexts.

Upgrading infrastructure development through advanced technologies and innovative procurement initiatives is seen as
the best way to achieve sustainable development, improved safety and health, and the efficiency and management of built
infrastructure. The global COVID-19 pandemic has reinforced these imperatives, emphasizing the global need for smart
infrastructure based on modern advances in digitalization. The need to overcome resource constraints indicate an increase
in the potential of PPP strategies in procurement worldwide. For example, Jayasena et al. (2023) focus on assessing the
potential of successful public-private partnerships in the development and maintenance of smart infrastructure in Hong
Kong. To conduct the qualitative research, 10 expert interviews were conducted after a comprehensive review of existing
achievements in the scientific literature. The findings revealed potential drivers, barriers, and enablers based on regulatory,
social, technical, and political factors that influence the implementation and success of PPPs in building smart infrastructure
in Hong Kong. An indicative flowchart was developed to illustrate the main cause-and-effect relationships of these factors.
According to the findings, stakeholder management, a citizen-centred approach, and maintaining transparency within the
project were identified as relevant for success. The study findings encourage further research along with implementing
more evidence-based approaches to obtain enhanced perceived benefits from PPPs under appropriate conditions for smart
infrastructure in Hong Kong.

The coronavirus pandemic (COVID-19) has undoubtedly caused unprecedented changes and its impact extends to PPP
arrangements. At the same time, PPP agreements have contributed to the fight against the pandemic. However, the
literature on the concept of PPPs in the COVID-19 era remains limited. The study by Akomea-Frimpong et al. (2023) aims
to review the current literature on PPPs during the COVID-19 pandemic and present main themes, research gaps, and
prospective research directions. The research findings offered eight topics, such as major changes in PPP contracts, COVID-
19 vaccine development, economic recession, testing, governance, and sustainability of PPPs.

According to the relational contract theory, relational governance has the ability to increase the sustainability of infrastruc-
ture PPP projects. The main objective of Tian et al. (2023) is to investigate the relationship between relational governance
and the sustainability of infrastructure PPP projects. In addition, this study analyses the mediating effect of managerial
innovations and the moderation of public involvement. The analysis uses structural equation modelling (SEM) to test 5
hypotheses. The results indicate a positive correlation between relational governance and the sustainability of an infra-
structure PPP project. This relationship is governed by public involvement. Besides, managerial innovations play a mediat-
ing role between relational governance and the sustainability of infrastructure PPP projects.

For emerging economies with a lack of resources from public budgets and a need to increase the efficiency of urban
wastewater treatment (UWTE), effective public oversight of wastewater treatment infrastructure (WTI) and participation
of private capital trying to maximize profits is required. However, it is not clear to what extent this PPP model, which aims
to reasonably share the benefits and risks of WTI delivery, can improve UWTE. Cheng et al. (2023) evaluated the impact
of the PPP model on UWTE, the author collected data from 1303 urban wastewater treatment PPP projects in 283 prefec-
ture-level cities in China from 2014 to 2019 using data coverage analysis and a Tobit regression model. The UWTE was
significantly higher in prefecture-level cities that implemented a PPP model in the construction and operation of WTI,
especially in cities with feasibility gap subsidies, competitive procurement, privatized operations, and non-demonstration.
In addition, the impact of PPPs on UWTE has been limited by the level of economic development, marketability, and
climatic conditions.

One of the effective models was the introduction of public-private partnerships in infrastructure development in Vietnam.
This model has been utilized in Vietnam for many years and is designed to help governments improve infrastructure, as it
provides an opportunity to reduce public debt profiles. The study by Toan et al. (2023) aims to identify the most important
factors that can determine the success of these projects. The regression analysis shows that there are 6 critical success
factors, including public sector factors, private sector factors, factors relevant to selected partnership processes, factors
relevant to risk management systems, factors relevant to information design, and factors relevant to the natural environ-
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ment. The findings showed that the most effective development projects could be implemented through PPPs if the gov-
ernment focused on these important factors during the implementation process. The results of the study will influence the
policy development of attitudes towards PPPs and guide partners in the development of PPP projects.

Infrastructure PPP projects around the world have suffered from premature termination, premature change of ownership,
cost and time overruns, among others, often as a result of a number of problems, some of which are related to poor
dispute resolution. Despite this, the literature has shown that no process-oriented attempt has been made to highlight the
critical issues affecting dispute resolution (DR) in infrastructure PPPs. Using Event Sequence Analysis (ESA), the study by
Musenero et al. (2023) examined the critical issues affecting DR practices in infrastructure PPP projects, with the motivation
of uncovering areas for potential improvement in DR practices. The study clarified the critical issues affecting current
infrastructure PPP practices, thereby increasing practitioners' understanding of potential barriers to successful infrastruc-
ture PPPs.

PPPs have been implemented in many areas, especially in architecture, engineering and construction. However, PPPs in
the field of sustainable critical infrastructure have not received the necessary attention, even though they have been
recognized as a panacea for enhancing infrastructure stability. The article by Ampratwum et al. (2023) aims to conduct a
systematic review to actively identify risk factors associated with the use of PPPs as a mechanism for enhancing critical
infrastructure sustainability through content analysis to obtain 46 risk factors for PPPs in CIR. The results of the systematic
study identified the most important risks, such as corruption, natural and unavoidable disasters, wars, terrorism, sabotage,
cost overruns, lack of a centralized mechanism for coordinating integrated actions, inconsistent government policies, in-
adequate oversight, high transaction costs due to unreliable and redundant measures, lack of supporting infrastructure,
lack of open and integrated communication, unstable government, political interference, lack of PPP experience, and
changes in legislation. A conceptual framework was developed by grouping the identified risks into 13 categories. The
results of this study will serve as a guide for decision-makers and stakeholders responsible for building critical infrastructure
stability.

Despite the significant achievements in the field of PPPs, the issue of researching and systematizing progressive practices
of implementing PPP projects in the field of critical infrastructure requires further development, which is the focus of this
article.

AIMS AND OBIJECTIVES

The purpose of the study is to research progressive practices of executing PPPs projects in the critical infrastructure sectors
and to develop recommendations for the formation of a model of governmental regulation of PPP projects in the critical
infrastructure sectors in Ukraine. Achieving this goal involves analyzing modern models of implementing PPP projects in
the field of critical infrastructure, the features of implementing smart infrastructure models, as well as studying the pro-
gressive practices in Ukraine and other countries, and developing a model of state regulation of PPPs projects for building
smart infrastructure.

METHODS

The study uses general and special research methods. In particular, the historical and comparative methods were used to
determine the dynamics and reasons for the development of PPPs for critical infrastructure investment, as well as the
structure of PPP projects by area. The systematic approach facilitates comprehensively considering the nature and features
of the implementation of PPP projects, makes it possible to identify the most important areas of their application, and
proposes a mechanism for the development of a smart critical infrastructure on the basis of PPP.

The information base of the study includes data from the Ministry of Economy of Ukraine and as well as the European PPP
Expert Center (EPEC). EPEC is an initiative, which involves the European Commission, the European Investment Bank
(EIB), states, which are EU members, candidate countries and some other countries.

The data covers different projects, which include:
= projects with secured financial closure in the EU27, Turkey, the UK, and the Western Balkans (Bosnia and Herze-
govina, North Macedonia, Albania, Kosovo, Serbia, and Montenegro);

= projects configured as design-build-finance-maintain projects, design-build-finance-operate projects, or concession
agreements encompassing construction, public services, and a true public-private risk-sharing arrangement. They
may also include regulated assets;
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= projects funded through the project finance;
= projects with a minimum value of EUR 10 million.

=  The indicated project cost shown in the data refers to the external financing needs for projects at the point of financial
closure, encompassing both debt and equity and excludes contributions of public capital. It is worth noting that the
external financing requirements of a project may differ substantially from the capital investment cost, as the latter is
challenging to consistently secure.

RESULTS

We should take a closer look at the dynamics and areas of PPP project implementation in recent years to summarize the
existing practices and create a model for the execution of PPPs projects in Ukraine. In the European market in 2022, the
total value of PPP deals that achieved financial closure amounted to EUR 9.8 billion, which is 17% more than in 2021,
which reached EUR 8.4 billion (Figure 1).
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Figure 1. Dynamics of the European PPP market by number of projects and by value in 2013-2022. (Source: European PPP Expert Center
(EPEC) data)

The number of PPP transactions that reached financial closure rose to 45, surpassing the 44 transactions recorded in 2021.
The average transaction size also saw an increase to EUR 217 million, compared to EUR 190 million in the previous year.

Notably, three big transactions were concluded in 2022, mirroring the same number as in 2021: PPP in Cyprus with EUR
1 billion (Larnaca Port and Marina Reconstruction), in France with EUR 1.4 billion (CEGELOG French Military Accommoda-
tion) and in Turkey with EUR 1.8 billion (Antalya Airport Concession).

The total value of these three transactions amounted to EUR 4.25 billion, which is 44% of the total market value. This is
a slight decrease compared to the 45% share in 2021 (Figure 2).
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Figure 2. Large PPP projects (over EUR 500 million) in 2022. (Source: European PPP Expert Center (EPEC) data)
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In 2022, the share of demand/revenue-based transactions that reached financial closure increased to 70% of the general
number of transactions, compared to only 66% in the previous year.

The growth in both the value and quantity of PPP deals in 2022 indicates a recovery in the PPP market despite the
uncertainties and volatility of construction prices caused by the shock of the COVID-19 pandemic.

Examining the features of PPPs by European countries (Figure 3), France emerged as the leading PPP market in Europe
not only by value with a total volume of EUR 4.2 billion (compared to EUR 1.6 billion in 2021) but also by the number of
projects, with 21 projects implemented, which is 3 more than in 2021.

4500 25
4000
3500
3000
2500
2000
1500

Number of projects

1000

wv

500

Aggregate value of projects (min EUR)

m Aggregate value of projects (mIn euros) ® Number of projects

Figure 3. Breakdown of countries by number and value of PPP initiatives in 2022. (Source: European PPP Expert Center (EPEC) data)

Turkey ranked as the second largest PPP market by value, with a cumulative volume of EUR 2.0 billion, up from EUR 1.4
billion in 2021. In 2022, Germany was the first in terms of the number of projects, although it held the second position in
terms of the PPP market by value, with four closed deals (compared to 7 deals in the previous year). Additionally, in 2022,
9 states signed 2+ PPP deals compared to only 6 states in 2021, while 15 countries signed 1+ PPP transactions, up from
14 in the previous year).

As depicted in Figure 4, the UK, Germany, and France have consistently been at the forefront of the European PPP market
by the general number of deals over the past five years.

18 100
16 90
14 80
70
z 12 g
Z 19 0 5
(=9
s 4 N
E 0 3
26 30 §
=
4 20
0 | * * (@] mim ¢ . o Wm |
& & . g R N < T
N 2 & \{- \\> Q 'b @ Q 0 > 2 o S
Q@ & © S O < & o\ o" &R & R S & &
< NP V\@o N < Rl ) ¢ P
%Q'
mValue (bln euros)  ® Number of projects

Figure 4. Breakdown of countries in terms of the number and value of PPPs projects implemented in 2018-2022. (Source: European PPP
Expert Center (EPEC) data)
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In 2022, the transport sector retained its position as the largest sector by value accumulating a total project value of EUR
5.2 billion, slightly lower than in 2021 (EUR 6.0 billion). However, the number of transport projects reaching financial
closure rose from 16 in 2021 to 17 in 2022. This includes 4 roads (2 roads in France, one each in Italy and Greece) and 4
ports (2 ports in France, one each in Cyprus and Croatia).

In addition, the environment sector saw the closure of 10 projects, maintaining parity with 2021, with a total value of EUR
1.3 billion vs EUR 1.1 billion in 2021. This sector was the second most active by projects, including 5 district heating
projects (all located in France) with a total value of EUR 576 million.

In 2022, the number of the education sector’s projects financially closed increased from 5 to 8, and the total value increased
to EUR 910 million, compared to only EUR 391 million in the previous year. Six of them were school projects (1 in Belgium,
2 in the UK and 3 in Germany).

The healthcare sector concluded 3 projects in 2022 compared to only 2 in the previous year with a total value of EUR 509
million, almost double the amount of 2021 (EUR 224 million). Two hospitals were completed (one project each in Denmark
and in Turkey).

In 2022, 3 projects were closed in the telecommunications sector, which is in line with 2021, with a total value of EUR 231
million, almost half the amount of EUR 427 million in the previous year. All 3 initiatives were French broadband projects
(Figure 5, Figure 6).
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Figure 5. Breakdown of sectors in terms of the number and value of PPP initiatives in 2022. (Source: data from the European PPP Expert
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Figure 6. Evolution of key PPP sectors by number and value of projects in 2018-2022. (Source: European PPP Expert Center (EPEC) data)
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In 2022, 17 out of 45 projects that were financially closed involved debt from institutional investors, an increase from the
14 out of 44 recorded in the previous year. Various financing models were employed for this purpose and institutional
investors include such structures as pension funds and insurance companies. While 7 states completed projects involving
institutional investor debt in 2021, in 2022, 8 states (the UK, France, Italy, Denmark, Croatia, Ireland, Cyprus, and Lithu-
ania) benefited from the debt of institutional investors.

The involvement of the national governments, the EU, and public financial institutions (whether supranational or national)
remained comparatively limited in 2022. Regarding the European Investment Bank, the 4 PPP projects that were closed
during the year received financing from the European Investment Bank with a total loaning volume of EUR 1.0 billion.
These projects included the project in France (CEGELOG Affordable Housing & Energy Efficiency), the PPP project in Ireland
(Community Nursing), the PPP project in Poland (Krakow Tramway) and the project in Germany and the Netherlands
(NeuConnect Interconnector). The last-mentioned project stands out due to its innovative PPP structure and particularly
high value of EUR 3.3 billion.

Other important PPP projects that reached financial completion in 2022 include:

1. The PPP in Cyprus for the reconstruction of the Larnaca Port and Marina, reaching financial closure with a total
value of EUR 1.0 billion. This marks the second PPP project in Cyprus worth more than EUR 500 million since the
European PPP Expertise Centre began collecting data for the European PPP market.

2. The EUR 245 million PPP project Irish Community Nursing Units successfully reached financial closure in 2022. It
marks the second healthcare PPP in Ireland and the first community nursing PPP in the country since 2016.

3.  The EUR 300 million Thessaloniki Ring Road PPP (Greece) has achieved financial close. Notably, this is the first
road accessibility PPP in Greece, and it stands out as the first road projects in the country since the financially
closed projects in 2007.

4. Krakow Tram. This EUR 186 million PPP project has achieved financial closure in Poland. This marks a significant
milestone as the first PPP-based tram in Polish urban transport.

Moreover, when considering the top 3 countries with the largest number of projects under development, France leads with
50 projects, followed by Italy with 32 projects, and Greece with 28 projects (Figure 7). Over the past 3 years, Greece has
notably established a robust project pipeline that demonstrates its ongoing success in procuring PPP projects and its
competence to combine EU and public financing.

3

2
Denmark Lithtania
18
4 United Kingdom 7
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Netherlands 6 Poland
ium Germany
2 1
Portugal Turkiye

Figure 7. Quantity of projects under development by country in 2022. (Source: data from the European PPP Expert Center (EPEC)
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In the project development pipeline, the transportation sector maintains its dominance in terms of the number of pro-
jects, with the environment and education sectors following closely (Figure 8). Environment and transportation account
for 80% of the French project portfolio. Of the 22 environmental projects, 14 are specifically district heating initiatives,
while the 18 transport projects include 5 railways and 4 ports. In Greece, half of the projects are focused on the environ-
ment and education sectors. Among the 9 environmental initiatives, 5 are related to water management. Of the 5 educa-
tion projects, 3 are focused on student housing and one centers around schools.

Health care

6% B
Transport
26%

Other sectors

24%
Envro&
24%

Figure 8. Main areas of projects under development in 2022. (Source: data from the EPEC)
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The state of PPP execution in Ukraine is dynamic: in Ukraine, PPPs are also actively developing. Thus, based on information
from central and local executive authorities as of January 01, 2023, there have been 193 PPP agreements concluded.
Among these, 18 agreements are currently in progress (including 5 joint venture agreements, 9 concession agreements,
and 4 other agreements), while 162 agreements are not currently being executed (116 are not being implemented, 46 are
terminated/expired), 13 are suspended due to the full-scale armed invasion of the Russian Federation.

The main areas of PPP implementation in Ukraine are the production, transportation, distribution and supply of natural
gas and heat, as well as the collection, treatment and distribution of water (Figure 9). Undoubtedly, a full-scale invasion
and war require even greater intensification of PPP processes. Another progressive direction is the formation of smart
infrastructure and the transition to a more technological basis for the development of infrastructural projects. Smart infra-
structure is an infrastructure governed by an intelligent system employing a feedback loop of data to enhance the process
of decision-making on a particular problem or process. Smart infrastructure can track, evaluate, analyze, report, and react
to received sensors’ data. Smart infrastructure is the basis for the future transition to the smart city concept.
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Figure 9. PPP agreements in progress as of January 01, 2023. (Source: data of the Ministry of Economy of Ukraine)
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Given that a significant part of the projects executed through the PPP mechanism are concession agreements, it is crucial
to highlight that the implementation practices of PPP projects in the infrastructure sector cannot be considered fully suc-
cessful due to:

= general unpopularity of the PPP mechanism as a result of the unclear distinction between PPP and concession pro-
cedures, the complexity of the procedure for concluding a concession agreement, which led to a much greater pop-
ularity of mechanisms familiar to private market participants, such as joint venture or lease;

= inability of private partners to provide financing for the works envisaged by concession agreements;

. inability to replace the private partner in case of its incapability to ensure the implementation of the activities envis-
aged by the project;

= inadequacy of the mechanism for determining the amount of concession payments, which, given the depreciation of
fixed assets of state-owned enterprises in the industry at the level of about 80-96%, does not allow to ensure
revenues to the state budget;

= inability to provide for an availability fee;
= the problem of state guarantees and the impossibility of long-term budget planning.

At the same time, the PPP mechanism is gaining popularity among local communities as part of the new regional policy in
Ukraine, which aims to strengthen the capacity of local communities to independently and effectively use available re-
sources to satisfy the immediate needs of the population of a particular territory. For example, some local governments
already have positive experience in the execution of PPP projects, in particular in the area of heat energy production and
supply. One example of such a partnership is a joint venture agreement concluded between the community of Malyn and
a private investor in 2014 under the PPP mechanism, which provides for the replacement of gas boilers with those that
will run on alternative fuels (pressed wood, straw pellets); ensuring the installation of a boiler with a capacity that would
allow heating two schools and one sports school; providing the private partner with financing and equipment; the private
partner selling heat energy to the city at a discount. The contract is valid for 15 years (Spilno, 2017).

Ukraine is gradually developing the PPP mechanism, as the regulatory framework for PPPs has already been formulated
and implemented, with ongoing enhancements of concession legislation. These improvements aim to align with the best
international standards for project preparation with the involvement of collaboration with international organizations and
representatives from the business community.

Successful execution of PPP projects that will satisfy the requirements of both parties is possible only if PPP projects are
prepared in a quality manner, including reasonable evaluations and fair allocation of risks between the participants. At the
same time, proper performance analysis and professional preparation of an open and transparent tender for the private
partner’s selection are equally important for the effectiveness of the project. Given the imperfection of the institutional
system of public administration in Ukraine, the organization and conduct of open tenders may require the involvement of
advisors and international consultants who could provide the public partner with the necessary expert support, including
at the stage of project structuring and negotiations with potential investors, laying the foundation for long-term mutually
beneficial collaboration between the private investor and the state.

Based on the progressive practices of the European countries, as well as the results of PPP projects in Ukraine, it is worth
outlining a modern mechanism for successful financing of projects based on PPP principles, which will be relevant for
Ukraine, especially at the stage of post-war reconstruction of critical infrastructure.

The main stages of the recommended mechanism are as follows:
1.  Project selection and preparation.

= Needs analysis in accordance with existing short- and long-term plans and development priorities.
= Selection of a suitable project according to available internal and external resources.
= Project preparation: planning, design review and evaluation of the financing plan.

2. Selection of participants. In this case, when selecting private partners, it is appropriate to use the scheme
presented in Figure 10, which involves taking into account a number of factors, including financial, technical,
security and management, as well as political (Mohammed Abdelkader et al., 2023).

3. Implementation of PPPs in accordance with the existing legal and regulatory regime and public policy.

4.  Project and contract management.
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Figure 10. Key stages of selection of PPP and private partners for its implementation.

In general, a number of factors should be considered in evaluating the possible success of PPP projects. Thus, for smart
critical infrastructure development projects, the following opportunities and factors that facilitate the use of PPPs are
noteworthy:

= a commitment to lowering public sector costs;

= government's active participation in the process;

= effective project implementation and administration;

=  the private sector’s innovation in smart technologies;

= elevated risk associated with smart infrastructure development;

= the necessity for advanced technology programs in projects of smart infrastructure development;
= greater experience in PPPs projects from both the public and private sectors.

At the same time, the primary obstacles to the execution of PPPs in smart critical infrastructure development projects
should be outlined as follows:

= public reluctance to embrace private sector participation in infrastructure development initiatives;
= unfavourable financial structures;

= absence of comprehensive policies and regulations;

= political instability or undue political influence;

. lack of public awareness of the benefits and importance of PPPs.

Taking into account the influencing factors that determine the choice of PPPs in the critical infrastructure sector, the results
of the analysis showed that the most influential factors in the choice of PPPs and private partners are financial and technical
aspects with a relative weight of 27% and 23%, respectively. Additionally, previous research has also found that equity or
debt, the availability of a construction program and the ability to achieve the planned outcome, and compliance with the
legal and regulatory frame are critical to the successful implementation of PPPs, which can likewise significantly complicate
the selection of PPPs and private partners. These factors weigh in the PPP decision-making process at 37.4%, 55.3% and
35.8%, respectively (Mohammed Abdelkader et al., 2023).

Based on the experience of PPP implementation and the possible influence of the above factors, the recommended model
for formulating strategies for the development and execution of PPPs, especially for the evolution to smart critical infra-
structure, includes effective procedures for managing PPP projects, raising public awareness of projects, and close moni-
toring and supervision over the execution of the PPP project. Each of the components of such a strategy has an impact on
the success of PPPs in between 60% and 100% of projects (Figure 11).

Such a strategy is recommended for implementation in Ukraine in order to form a smart critical infrastructure. In addition,
it is worth noting that for Ukraine, the most priority areas for attracting PPPs to rebuild critical infrastructure are: the
transport sector, and educational and healthcare projects due to the destruction of a large number of educational and
medical institutions, which are also priorities in European countries. It is the involvement of private investment in public
funding that will allow the entire critical infrastructure system to resume functioning in the shortest possible time.
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=  Effective ommunication 80%
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Figure 11. Recommended components of a PPP implementation strategy and their importance for the successful implementation of a
PPP for smart critical infrastructure.

DISCUSSION AND CONCLUSIONS

The research results prove the effectiveness of PPPs as a model of cooperation, which is confirmed by thousands of
successfully implemented projects in countries that are both developed and developing. As the legislative and institutional
framework is being developed, the effective planning and execution of pilot PPP projects in various sectors of the economy,
including infrastructure, will create new prospects for potential consultants, banks, and investors.

Based on the analysis of PPP projects in the field of critical infrastructure in European countries, the author proves that
the execution of pilot projects supported by international financial organizations is essential. This is deemed necessary for
developing successful practices in the implementation of PPP’s projects by drawing upon the best international experiences
and tailoring them to accommodate the distinctive features of Ukraine. The outcomes derived from the execution of specific
projects at both the national and regional levels should serve as the foundation for ongoing efforts to enhance regulatory
procedures in initiating, developing and approving projects.

The study shows that leading countries such as France, the UK, and Germany are actively using the PPP mechanism to
finance critical infrastructure and are leaders in the market. At the same time, the most important sectors for the realization
of PPP projects are transportation, environment, education, healthcare, and telecommunications. However, based on the
analysis of PPP projects in Ukraine at the moment, it was concluded that the focus is on the production and supply of
water, gas, and heat, while the infrastructure in the fields of education and healthcare attracts less attention. Accordingly,
it is necessary to increase funding for these areas of critical infrastructure.

Ukraine, with its considerable economic development potential, is currently taking important steps towards investors,
including improving its PPP legal framework and using the support of international financial institutions for implementing
pilot projects. The establishment of effective PPP mechanisms opens up new opportunities for investment in Ukraine's
promising market.

This study provides an overview of key trends and progressive practices of PPP implementation both in the international
arena among European countries and in Ukraine, confirming the prospects of this industry, which is of great interest to
the scientific community. The article proposes a modern mechanism for successful financing of projects based on PPP
principles, which will be relevant for Ukraine, especially at the stage of post-war reconstruction of critical infrastructure.
This mechanism includes 4 key stages from project planning to implementation. We also propose strategies for imple-
menting PPPs and determine the importance of each of their components for the successful implementation of smart
critical infrastructure PPPs.
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The article is a continuation of our previous research, presented in particular in the monograph chapter (Zatonatska et al.,
2022), but it is certainly not without limitations. The limitations of the current study include the focus on 2022 indicators,
as the data for 2023 have not yet been consolidated, but further study of the structure of the Ukrainian and international
PPP is a direction for further research. In addition, the analysis of the regulatory framework for PPP implementation in
European countries to introduce advanced achievements into Ukrainian practice should be noted as an area for further
research.

The results of the study will be of interest to financiers interested in the PPPs’ development in order to immerse themselves
in current trends in the public-private partnership market.
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MPOrPECUBHI NMPAKTUKW PEANI3ALII NPOEKTIB AEPYXABHO-NPUBATHOIO NAPTHEPCTBA B
LLAPMHI KPUTUYHOI IHOPACTPYKTYPU

[epxaBHo-npuBaTHe napTHepcTeo (AMM) cTano oaHielo 3 NPoBiAHKX i HaliedekTUBHILIMX Moaenei IHBECTYBaHHS B Kpu-
TUYHY iHPaCTPYKTypy, TOMY BUKOPUCTAHHS Ta Po3BMTOK Mogenei MM Ha OCHOBI HalKpaLMx NPaKTUK HabyBaloTb 0CO-
6/1MBOr0 3HAaYEHHS B KpU30BUIA Nepiog Ta nia Yac NiCNISBOEHHOO BiHOB/IEHHS Yepe3 BUCOKMI TUCK Ha AepXKaBHUIN BroaxeT
i BUCOKI pu3MKu ans iHBeCTyBaHHSA. MeTolo AOCNIMKEHHS € aHani3 NporpecuBHMX NMpakTUK peanisauii npoekTis AMNMN ana
CEKTOPIB KPUTUYHOI iHDpaCTpyKTypu Ta po3pobka pekoMeHaaLil 1woao dhopMyBaHHS CTpaTerii BUKOPUCTAHHS MPOEKTIB
AN B pi3HMX CeKTopax KpUTUYHOI iHDpacTpyKTypy YKpaiHu.

Y cTaTTi NpoBeAEHO AeTaNbHUIA aHani3 cydacHMX niaxoais Ao peanizauii AMNM B uapuHi KPUTUYHOT iHDpaCTpyKTypH, BU3Ha-
YEHO MPOrpecyBHI MPAKTUKM 3aCTOCYBaHHS iHCTPYMEHTIB AnMKkuTanisalii B Uil ccepi, okpecneHo npobnemMu Ta nepcrek-
TUBU X YNPOBaMKEHHS.

BucBiTNEeHo noTeHLUilHi chakTopu, 6ap'epy Ta CTUMYNK, WO 6a3yrOTbCS Ha PErYNSTOPHUX, NOMITUYHUX, COLLiaNIbHUX i TEXH-
YHMX YMHHUKaX, SKi BNNBAIOTb Ha peanizauito Ta edekTmsHiCTb MMMy CTBOPEHHI Cy4acHOI «pO3yMHOI iIHpacTpyKTypu».
Bu3HaueHo, L0 HaMbifbll BaXIMBUMKU CeKTOpaMu Ans peanizauii npoekTie AMM B 6inbIOCTi KpaiH YNpoaoBX OCTaHHIX
pOKiB 6ynu TPaHCMOPT, EKOJOris, OCBiTA, OXOPOHA 3A0POB's 1 TenekoMyHikauii. BogHoyac aHani3 npoexTis AMM B YkpaiHi
rMoKasaB, L0 OCHOBHWMM cchepaMu, Ha SIKUX 30CcepeakyBanacst yBara, 6ynu BMPOBGHULTBO Ta MOCTa4YaHHs BOAW, rasy 1
Tenna, Toai K iHOPaCTPYKTYpi OCBITM Ta OXOPOHW 340POB'S NPUAINSIM MEHLWeE yBaru. Y CTaTTi 3anpornoHOBaHi cTpaTerii
peanizauii NN Ta BU3HaYeHa BaXMBICTb KOXHOI 3 iXHiX CkNagoBmx Ans ycniwHoi peanisauii AMM, wo 6yae aktyanbHuM
ansa YkpaiHu, 0cobnmBo Ha eTani NicnsBOEHHOI BiabyaoBn 06'ekTiB KPUTUYHOI iHPPACTpyKTypu. PesynbTaTtv AocnigKeHHs
MIiCTATb CUCTEMaTM30BaHy iHcbopMaLilo, sika byze KOPUCHOI 1 ANst opraHiB AepXKaBHOI BMaaK, i Ans NOTeHUiMHMX iHBECTO-
piB i HAYKOBOI CMiNIbHOTW.

KnrouoBi cnoBa: kputuyHa iHdpacTpykTypa, iHBeCTUUil, iHBECTWUUIVHI NPOEKTW, AepXKaBHO-NpuBATHE MapTHEPCTBO,
nicnsiBoeHHa BiabyaoBa, CEKTOPU KPUTUYHOI iHPaCcTPyKTYpu, po3yMHa iHdpacTpykTypa
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