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Abstract. This article analyzes the potential of integrating the principles of lean manufacturing into public-private
partnership (PPP) mechanisms in order to improve the quality of infrastructure project development. In the context of limited
budgetary resources and the need to achieve the global Sustainable Development Goals (SDGs), the combination of these
approaches is considered as a strategic tool to increase the effectiveness of project activities. The methodological basis of the
research is based on an integrated approach, including content analysis, factor analysis, SWOT analysis, as well as the use of
the case study method. The authors propose a step-by-step conceptual model for implementing lean manufacturing tools such
as VSM, JIT, Kaizen and the 5S system at all stages of the PPP lifecycle, from initiation to operation and contract completion.

Special attention is paid to the role of digital transformation (BIM, 10T) and operational monitoring methods, including
Gemba traversals and the PDCA cycle. The study identifies key barriers, such as regulatory complexity and managerial inertia,
and identifies opportunities for international institutional cooperation. It is concluded that systematic application of lean
management not only optimizes costs and deadlines, but also ensures long-term environmental and social sustainability of
infrastructure assets. Improving the institutional architecture and developing the competencies of government partners are
recognized as necessary conditions for the successful implementation of this interdisciplinary management system.

Key words: public-private partnership (PPP), lean manufacturing, sustainable development, infrastructure projects,
reconstruction.

Introduction

Given the lack of budget resources and the growing demand for modern infrastructure, private
sector participation in solving social problems has become a strategically important tool. Public-private
partnership (PPP) stands out as one of the most effective mechanisms of such interaction. Integrating
lean manufacturing principles into the structure of PPP projects can significantly improve the quality and
reliability of the assets created, creating a basis for compliance with EU standards and contributing to
the achievement of global sustainable development goals. It is expected that the introduction of lean
management will be a decisive factor in improving the efficiency of investment projects. In addition, the
urgent task of minimizing the environmental impact of infrastructure construction is fully consistent with
the lean manufacturing philosophy, which is focused on sustainable development and environmental
protection.

Materials and methods of research

The interdisciplinary nature of this study, which combines management, public administration and
socio-economic sciences, made it necessary to choose a hybrid methodology. The theoretical framework
was based on content analysis of the scientific literature and the regulatory framework of PPP, while the
empirical component was based on the method of case studies to identify practical factors for the
effectiveness of infrastructure projects. The use of comparative thematic analysis made it possible to
systematize the patterns of implementing the lean production concept, and factor analysis helped to
identify hidden variables that affect the results of joint ventures of the state and business. In addition,
SWOT analysis was used to structure internal organizational opportunities and external macroeconomic
and political challenges that accompany the integration of lean technologies into PPP mechanisms.

Results and its discussion

Public-private partnerships (PPPs) are firmly established as an effective mechanism for financing
and implementing large-scale infrastructure initiatives. The use of synergy between the public and private
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sectors makes it possible to achieve better results in the provision of services and the development of
public assets compared to independent actions of the parties [1, 2]. At the same time, despite the
widespread recognition of the model, academic debates continue regarding methods for evaluating its
effectiveness; existing research usually focuses on identifying success factors, rather than directly
measuring performance, management theories play a key role in the analysis [3]. Public-private
partnership tools are becoming especially in demand in situations of limited institutional capacity, when
there is a need for rapid restoration of critical infrastructure facilities [4, 5, 6].

In his scientific works, A. E. Shevchenko carries out a comprehensive study of the process of
forming strategic partnerships in the field of public-private partnership, considering it both in the
international and in the Ukrainian context. The author notes the significant role of PPP mechanisms in
the system of administrative and legal regulation, emphasizing their importance as a tool to stimulate
economic development and restore infrastructure facilities.

The results of modern research indicate a significant potential for integrating the principles of lean
manufacturing into public-private partnership projects to achieve Sustainable Development Goals. The
use of lean approaches helps to increase the effectiveness of projects by eliminating redundant operations
and allocating resources more efficiently [7]. In the construction industry, PPP projects are considered
as an important platform for ensuring sustainable development, where the application of the concept of
lean manufacturing makes it possible to increase the value of assets created while reducing the irrational
use of natural and financial resources [8]. The practice of implementing lean manufacturing tools in
construction projects demonstrates their positive impact on labour productivity and overall efficiency by
eliminating operations that do not create additional value [9].

This approach is an important factor in ensuring the long-term sustainability of projects and
complies with the principles of responsible investment [10]. At the same time, the effective integration
of lean practices into PPP projects involves the establishment of flexible and coordinated interaction
between all stakeholders [11]. The use of lean management tools also contributes to the improvement of
procurement processes, which are traditionally considered as one of the most problematic links in the
implementation of infrastructure projects [12, 13].

Thus, the theoretical basis of this study is formed on the basis of the synergy of the lean
manufacturing concept and the mechanisms of public-private partnership. The PPP model assumes the
establishment of long-term contractual relations providing for the distribution of risks and responsibilities
between participants at the stages of design, construction and operation of infrastructure facilities [14,
15]. The inclusion of lean manufacturing principles in this system contributes not only to improving
operational efficiency, but also contributes to achieving Sustainable Development Goals by ensuring a
balance of economic, social and environmental interests [16, 8].

The integrated application of lean manufacturing and public-private partnership approaches forms
the basis for the sustainable development of regions and contributes to bringing the practice of
implementing infrastructure projects in line with international management standards [17, 18]. This
strategy is aimed at attracting investment, stimulating innovation, and ensuring that reconstruction
projects are optimally aligned with the needs of local communities (Figure 1).
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Focused value Ensuring that reconstruction projects deliver
delivery maximum value to those affected, addressing urgent
- needs such as housing, transportation and utilities

Stre lined processes Reducing bur_eaucratu: delays and inefficiencies that
could hinder rapid reconstruction efforts

Community-centric
approach

process, ensuring that projects are responsive to their
needs and contribute to social cohesion

infrastructure projects

% Engaging local communities in the reconstruction

Employing continuous improvement to adapt to the
— Adaptive strategies evolving needs of a recovering nation, fostering

Impact of lean principles on sustanaible

innovation in infrastructure development

Figure 1. The impact of lean manufacturing methods on the implementation of infrastructure
projects based on the principles of sustainable development

PPP mechanisms are inherently aligned with the lean manufacturing philosophy, which focuses on
maximizing value throughout the asset's life cycle. Integrating lean approach into PPP projects allows
combining long-term investment incentives, multi-disciplinary teams, and risk-sharing systems with
advanced management technologies. This synthesis guarantees the creation of high-quality, sustainable
infrastructure for future generations.

The use of special lean manufacturing tools, such as value flow mapping (VSM), operational
standardization, and Just-in-Time (JIT), allows you to optimize each stage of PPP implementation. This
not only accelerates the restoration and construction processes, but also guarantees maximum public
utility of infrastructure assets.

Below is a detailed breakdown of the implementation of lean manufacturing principles at various
stages of the implementation of a PPP infrastructure project.

Stage 1. Initiating a partnership and developing a proposal. At the stage of preparing the concept
note and feasibility study (feasibility study), it is advisable to use the Just-in-Time (JIT) approach. This
ensures that important information is delivered in an optimal time frame while eliminating data
redundancy. Visual management tools, such as roadmaps, facilitate transparent monitoring of all stages
of proposal formulation.

Stage 2. The analysis of the effectiveness of a PPP project is carried out using the Value Stream
Mapping (VSM) method, which allows to identify and eliminate institutional and procedural obstacles.
The use of this approach helps optimize analytical processes and ensures the reliability and efficiency of
the conclusions obtained. The kaizen principle (continuous improvement) provides for continuous
adaptation and refinement of the evaluation methodology.

Stage 3. Decision making and tender preparation. Standardization of processes in the development
of tender documentation minimizes the risk of errors and reduces the time spent on approvals. The
workspace and organization of information flows at this stage can be managed using the 5S system (Sort,
Tidy, Highlight, Standardize, Maintain), which instils discipline in the preparation of competitive
procedures.

Stage 4. Bidding process. Lean manufacturing tools are designed to minimize the loss of resources
and time when forming tender committees, publishing notifications, and evaluating bids. Using the JIT
method allows you to effectively manage the flow of incoming offers, providing prompt and objective
expert evaluation.

Stage 5. Approval of results and conclusion of contracts. To visualize and control the stages of
agreement approval and completion, a Kanban system has been implemented, which increases the
transparency of interaction between public and private partners. The use of Poka-yoke (error protection)
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mechanisms at the stage of legal registration of the contract minimizes the risk of incorrect wording and
technical shortcomings in the final documentation.

A SWOT analysis was used in this study to comprehensively assess the prospects for implementing
lean manufacturing principles into public-private partnership (PPP) mechanisms. The choice of this tool
is due to its ability to provide a holistic consideration of both internal organizational factors and external
macroeconomic conditions that affect the effectiveness of integrating lean manufacturing into PPP
projects. The effectiveness of using SWOT analysis in strategic planning and management of complex
organizational systems is confirmed by the results of the study [19].

This method allows us to compare the operational advantages of lean manufacturing with the
potential risks and barriers arising from differences in the interests of public and private partners, limited
resources or the instability of the macroeconomic environment. In this context, the results of the study
[3] emphasize that identifying key success factors is the most important stage in analysing the
effectiveness of PPP projects, which makes SWOT analysis an appropriate starting point for such a study.
From our point of view, SWOT analysis is a universal and understandable tool for interaction between
stakeholders from different sectors of the economy. Its application promotes coordinated management
decision-making and allows for a clearer definition of both the most promising and the most risky areas
of application of the principles of lean manufacturing in infrastructure construction. In addition, the
results of such an analysis form the basis for subsequent more detailed studies, including cost-benefit
analysis, as well as stakeholder mapping.

The methodological basis for building the SWOT matrix was a comprehensive analysis of scientific
publications, industry reports, regulatory legal acts and secondary data on existing models of public-
private partnership. The evaluation results demonstrated that the synergy of lean manufacturing
principles and PPP mechanisms can significantly improve the quality of infrastructure project
implementation by increasing operational efficiency, more rational risk allocation and stimulating
innovation [8, 9]. At the same time, the practical realization of this potential is still limited by a number
of systemic problems and challenges (Table 1).

Despite the high potential for integrating the principles of lean manufacturing into public-private
partnership (PPP) infrastructure projects, their practical implementation requires solving a number of
systemic problems. The effectiveness of PPP programs is largely determined by the level of development
of the country's institutional environment and the ability of project participants to build flexible and
adaptive management models.

Regulatory constraints, political instability, and lack of practical experience in applying lean
management tools remain key risk factors, which can significantly complicate the implementation of
strategically important infrastructure projects. The implementation of the principles of lean
manufacturing involves a deep transformation of organizational culture, aimed at the philosophy of
continuous improvement (kaizen) and active interdisciplinary interaction. The successful implementation
of this approach requires systematic staff training, the development of professional competencies and
high involvement of the management of all participating organizations in the process of change. Early
Contractor Involvement (ECI) is recognized as one of the key success factors, which allows for
comprehensive project management already at the initial stages of its implementation.

According to the results of the SWOT analysis, an integrated model combining PPP mechanisms
and lean manufacturing principles has significant potential to increase operational efficiency, stimulate
innovation activity and more rationally distribute risks among project participants. However, the practical
implementation of these synergies may be limited by a number of systemic barriers, including corruption,
lack of transparency in administrative procedures, destabilization of supply chains in post-conflict
settings, and the risk of social tensions.
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Table 1 — SWOT analysis of the application of lean management principles in infrastructure

rojects

Strengths

Weaknesses

Optimization and cost reduction: The introduction of the
lean manufacturing concept rationalizes work
processes. This leads to shorter delivery times for
infrastructure facilities and minimization of financial
costs.

Risk diversification: The PPP mechanism assumes a
solidary distribution of risks between the government
and business, which ensures a high degree of protection
of projects from macroeconomic and operational
fluctuations.

Stimulating innovation activity: The use of lean
technologies (lean manufacturing) initiates the
introduction of advanced management practices,
thereby increasing the overall effectiveness and quality
of project implementation.

Competence synergy: The private sector is able to
compensate for the lack of highly specialized
knowledge from government agencies by providing
expert experience in the field of modern project
management and lean methodologies.

Result orientation and transparency: The use of key
performance indicators (KPIs) and result-based
contracts in PPPs perfectly complements the philosophy
of continuous improvement. This increases the level of
accountability and the final quality of work.
Accelerated digitalization: The synthesis of PPP and
lean approach catalyzes the transition to digital project
management systems, which additionally minimizes
any types of losses and managerial errors.

Regulatory and legal barriers: Excessive regulatory
burden and complex legal framework are a significant
obstacle to the effective integration of lean technologies
(lean management) into PPP projects.

Resource allocation asymmetry: Shifting the investment
focus towards high-margin initiatives creates the risk of
chronic underfunding of socially significant but less
profitable projects.

Institutional ~ constraints:  Lack of  specialized
competencies and lack of practical experience in using
lean manufacturing tools in public sector structures.
The conservatism of the administrative apparatus: The
introduction of innovative management paradigms often
causes resistance from government representatives who
gravitate towards traditional, established patterns of
work.

Staff shortages in post-conflict reconstruction: The lack
of relevant lean manufacturing skills among local
specialists and departments is a serious hindering factor.
Rigidity of PPP contracts: The bureaucracy and
cumbersomeness of legal agreements come into direct
conflict with the need for lean manufacturing for
flexibility and iterative work processes.

Opportunities

Threats

Technological scaling: Enhanced integration of digital
tools (building information modeling - BIM, Internet of
Things - 10T, predictive analytics) multiplies the effect
of implementing lean methodologies in PPP projects.
This significantly reduces transaction costs and
minimizes the environmental footprint.

Institutional partnership: Strategic cooperation with
international financial institutions (such as the World
Bank, the EBRD) and private foundations opens up
access to preferential credit lines and expert and
technical support for the implementation of PPP
initiatives based on the principles of lean manufacturing.
Innovative infrastructure renewal: The systematic
application of advanced technological and management
solutions acts as a driver for the formation of a highly
efficient, reliable and long-term  sustainable
infrastructure base.

Greening of projects (ESG Agenda): Synchronization of
infrastructure PPP projects with green technologies and
environmental initiatives forms a solid foundation for

sustainable macroeconomic development.

Macroeconomic and social turbulence: Fluctuations in
global financial markets and internal social instability
create significant barriers to attracting and subsequently
retaining investment capital.

Macro-level volatility: Sudden political transformations
and economic shocks can destabilize the progress of
projects to the point of complete shutdown.
Corruption-related factors and lack of transparency:
Institutional weakness and shadow schemes critically
reduce the level of investor confidence, thereby negating
the overall effectiveness of PPP initiatives.
Vulnerability of logistics chains: Infrastructure and
transport gaps (especially those typical of post-conflict
reconstruction conditions) provoke a high risk of
deadlines and exponential growth in project costs.
Socio-economic  tensions:  Asymmetry in  the
distribution of benefits and commercialization of public
infrastructure (e.g. the introduction of toll highways)
they can catalyze the growth of public discontent and
protest sentiments.

Source — the authors, based on [20]

Gemba routes are recognized as one of the most effective operational monitoring tools in lean
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management. Direct visits to project sites, active interaction with staff, and personal monitoring of work
processes allow management to obtain verified, objective data on the actual state of the project (Figure
2).

Integration of lean in PP Project Stages

‘ ! v +
1 Preparation 2. Procurement 3 Implementation Phase 4. Operational
Phase Phase Phase
l l Applying lean
Using lean tools construction
(VSM etc.) during Requiring bidders technology
feasibility study to demonstrate Maintaining high
and project commitment to .| Monitoring progress efficiency and
development lean principles with Gemba walks quality of service

I

|

Expected outcomes

v v v ¥
Reduced - ) .
duplication of Improved clinical Sustainable Enhanced capacity
services and workflows and infrastructure with utilization and
inefficiencies patient satisfaction lower costs high - quality care

Figure 2. Conceptual model for integrating lean manufacturing principles into the life cycle of a
PPP project

Toensure that PPP projects benefit both society and the environment while respecting the principles
of sustainable development, it is important to set goals that are consistent with the SDGs from the very
beginning of the project. However, the implementation of lean manufacturing in such initiatives is
hindered by a number of challenges, including financial constraints, organizational resistance to change,
and difficulties related to risk sharing among partners.

Conclusion

Current global trends are focused on developing a sustainable and efficient infrastructure. The
synergy of public-private partnership (PPP) mechanisms and lean manufacturing principles ensures
successful digital transformation and environmental safety. However, achieving success requires easing
regulatory barriers and maintaining political stability through transparent governance and fair allocation
of resources. It is essential to strengthen the institutional framework by improving project monitoring
systems, creating transparent mechanisms for appealing administrative decisions, and improving the
professional capacity of government partners. This integrated approach ensures that private sector
participation in PPPs is effective and large-scale.
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Anparna. byn mMakanaga nHGPaKYpBUIBIMIBIK jK00aIapabl 93ipiiey camachblH apTTHIPY MaKCaTBIHAA YHEMI OHIIpic
KaFUJaTTapblH MEMJICKETTIK-)KEeKeIIeik apintecTik (MXKO) TeTikTepiHe MHTErpalusiiay dJIeyeTi TalaaHaabl. brokeTTik
pecypcTapaplH, IMIEKTEYJIUIri JKOHE OPHBIKTHI AaMynbelH kahanmelk makcarrapbiHa (TJIM) Kom JKeTki3y KasKeTTiIiri
KaFTaWbIHOA OCBl TOCUINEPIiH Yitnecimi xoOaay KBI3METiHIH THIMIUITIH apTTBIPYIOBIH CTPATETHSUIBIK Kypaibl peTiHIe
KapacThIPBUIAIBL. 3EPTTEYAIH oliCHAMAJIBIK HETi31 Ma3MYHIBI Taiaay, pakTopislk Tangay, SWOT rannaysl, conmaii-ak Case
study a/iciH KoJIaHyIbl KAMTHTBIH KelleH i Tociire Herizaenred. Asropiaap VSM, JIT, Kaiiazen xane 5S xyiteci CHAKTBI
YHEM/II Kypasiaap/Isl icKe achIpyAbIH KaJaMIbIK TYKbIPhIMAaMabIK MoaeniH MYKO eMipiik IUKITIHIH OapIibIK Ke3eHIepiHae,
6acramanaH Oacrtan naianaHyra )kKoHE KeliCIMIIAapTThl asKTayFa JeHiH YChIHAIbI.

udpisik Tpanchopmanusaeiy (BIM, 10T) perine sxone Gemba aysicynapsl Men PDCA 1ukiIiH Koca anFaH/a, sxeel
0akpuIay 9JICTEpiHE epeKIle Ha3ap ayaapbuiajibl. 3epTTEy PETTEYiH KYPACTIIIri KoHe 0acKapyIIbLIbIK HHEPIUS CHIKTHI
HEeri3ri KejeprijiepAi aHbIKTAHIbl JKOHE XalbIKapaJIblK WHCTHTYLHOHANIBIK BIHTBIMAKTACTHIKTHIH MYMKIHIIKTEPiH
aHBIKTAHABL. Y HeMi OacKapyAbl )KyHeli KOJIaHy KYMBICTHIH IIBIFBIHAAPHI MEH MEP3iM/IepiH OHTAIaHABIPHII KaHA KOHMalid,
COHBIMEH KaTap HHPPAKYPHUIEIM 00BEKTUICPiHiH Y3aK MEP3iM/Ii SKOJIOTHSIIBIK )KOHE QJI€YMETTIK TYPaKThUIBIFBIH KAMTAaMaChI3
eTell JEeTeH KOPBITHIHABIFA Kemai. VHCTUTYIHOHANIBIK apXUTEKTYPaHbI JKETUINIPY >KOHE MEMIICKETTIK opilnTecTep.IiH
KY3BIPETTEPiH JAMBITY OCHI IIOHAPAJIBIK 0acKapy JKyHeciH TaOBICTHI CHTI3y YIIiH KaKETTi KaFaaiiap OOJBI TaHBLUIIEL.

Tyiiin ce3mep: MeMIeKeTTIK-kKeKemelik apinTectik (MXXO), yHeMIi eHIipic, OPHBIKTHI JaMy, HHPPaKYPBUTBIMIBIK
obamap, KaiTa Kypy.
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DKOHOMHKA KIHE KYKBIK-DKOHOMHKA U mipaBo-Economics and law
MEXaHU3MBI FOCyIapCTBEHHO-4acTHOro napTHepcTBa (['UI) ¢ 1enbio MOBHINICHUS KauecTBa pa3padOTKU HHPPACTPYKTYPHBIX
NPOEKTOB. B yCIOBMSX OrpaHMYEHHOCTH OIOJDKETHBIX PECYPCOB M HEOOXOIMMOCTH JOCTHIKECHUS TJIOOAIBHBIX LEJeH
ycroiunBoro pazsutus (LIYP) coueranue 3TuX 1oaxoq0B paccMaTpuBaeTcs Kak CTpaTerHYeCKUil HHCTPYMEHT HOBBILICHHS
3¢ PEKTUBHOCTH NPOEKTHOH AesiTenbHOCTH. MeToomornueckas OCHOBA HCCIIeIOBaHMs OCHOBaHA Ha KOMIUIEKCHOM TO/IXO/IE,
BKJTFOYAIOINIEM KOHTEHT-aHaln3, (akTopHbIi aHanmmu3, SWOT-ananu3, a Takxke HCIOJb30BaHUE MeToa case study. ABTOpPBI
MpEeAIaraoT MOIIAroBy0 KOHICNTYaIbHYI MOJENb BHEAPCHUS MHCTPYMEHTOB OEPEXIIMBOTO MPOM3BOJCTBA, TAKUX KaK
VSM, JIT, Kaiigzen u cucreMa 5S, Ha BceX dTamax )xu3HeHHoro nukia [, oT nHUIMauH 10 SKCIUTyaTalliy | 3aBEPIICHHUS
KOHTpAKTa.

Oco0oe BHUMaHUE yensieTcs poiu nudporoii tpanchopmannu (BIM, [oT) 1 MeTo1aM onepaTHBHOTO MOHUTOPHHTA,
BKiroyast nepexonasl Gemba u nmkn PDCA. B uccienoBanuu omnpenesieHsl KiIo4eBble 0apbepbl, TaKHe KakK CI0XKHOCTb
peryjvpoBaHUsT M  yNpaBJeHYECKass MHEpIHs, a Takke ONpelesieHbl BO3MOXHOCTH JUISi  MEXIYHAapOIHOTO
WHCTUTYLIMOHAILHOTO cOTpyAHMYecTBa. ChenaH BBIBOA O TOM, YTO CHCTEMaTHYeCKOE HPUMEHEHHE OepeXIMBOro
yIpaBJIE€HUsT HE TOJBKO ONTUMM3UPYET 3aTpaThl M CPOKH BBINOJHEHHS pPaboT, HO M 00ECHeYHBacT IOJITOCPOYHYIO
9KOJIOTUYECKYI0 M COLMAIbHYIO YCTOWYMBOCTH OOBEKTOB MH(ppacTpykTyphl. COBEpUICHCTBOBAHWE HHCTHTYLMOHAILHOM
APXUTEKTYphl M PAa3BUTHC KOMIICTCHIIMH TOCYNAPCTBCHHBIX IMMAPTHEPOB MPHU3HAHBI HEOOXOJUMBIMH YCIOBUSIMH IS
YCIEIIHOTO BHEAPCHUSI ATOH MEKAUCIIUILTUHAPHONW CHCTEMbI YITPABICHHSI.

KioueBble cioBa: rocymapcTBeHHo-uyacTHOe maptHepcTtBo (I'UII), OepexiamBoe IMPOHM3BOJCTBO, YCTOWIHBOE
pas3ButTHe, HHPACTPYKTYPHBIC POEKTHI, PEKOHCTPYKIIUSI.
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