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MATPULS AAAITOBAHOCTI KOMBIHOBAHOT'O ®THAHCYBAHH
IHOPACTPYKTYPHUX ITPOEKTIB AO CEPEAOBUIIJA VUCA

In the post-war reconstruction of Ukraine, infrastructure projects will play a key role. An
infrastructure project can be defined as a large-scale long-term investment initiative aimed at creating
ormodernizing infrastructure assets that provide basic services, generate systemic socio-economic
effects, and require combined financial risk-adapted implementation mechanisms.

The post-war reconstruction of Ukraine will take place in conditions of high volatility, uncertainty,
complexity, and ambiguity (VUCA). Volatility creates sudden short-term fluctuations in the dynamics
of income and expenses, while uncertainty "erodes” the long-term predictability of cash flows.
Complexity leads to an increase in indirect financial costs due to management and coordination
problems, and ambiguity limits confidence in the correctness of investment decisions made.
Therefore, the dimensions of the VUCA environment are triggers of financial risks of infrastructure
projects.

The financing model for an infrastructure project must be adapted to modern conditions. Project
finance is a financing method based on cash flows generated by the projectitself. Blended finance
combines public (state) funds with private funds to achieve socially beneficial goals. Sustainable
finance is an investment concept that takes into account environmental, social and governance (ESG)
criteria, ensuring long-term sustainability. It can be said that these are three different but interrelated
concepts thatdescribe different aspects of financing, from the mechanism (project) to the mission
(sustainable) and the combination of sources (blended).
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The purpose of the article is to propose a conceptual framework that combines three approaches —
(1) project-based, (2) blended, and (3) sustainable financing of infrastructure projects in the context
of their integrated application to increase adaptability to the impacts (risk triggers) of the VUCA
environment.

The proposed analytical and conceptual matrix allows for a systematic argumentation and
visualization of the feasibility of combined financing of infrastructure projects in the context of post-
war modernization of the economy (according to four risk triggers in a turbulent economic
environment). This is the scientific novelty of this study. The practical significance of the proposed
matrix is that a structured justification of the "project-blended-sustainable financing”™ model will
contribute to the successful attraction of investment funds for the implementation of infrastructure
projects for the post-war reconstruction of Ukraine. Further research on this topic should be
conductedin the context ofimpact investing.
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B ymoBax nicnsiBOEHHOI Big6yaoBu YKpaiun iHppacTpyKkTypHi NpOEKTN BigirpaBaTuMyThb K/1I04OBY
POJb. IHppacTPYKTYPHUIA NPOEKT MOXKHA BUSHAYUTU IK B€JINKOMACLUTabHy OBroCcTPOKOBY iHBECTH-
uiviHy iHiuiaTnBY, CNIPSAMOBaHY HAa CTBOPEHHS a60 MoAepHi3aLiro iHppacTPyKTYPHUX aKTUBIB, YO 3a-
6e3neyyloTb HagaHHs 6a30BUX NOCNYr, POPMYIOTb CUCTEMHI coLiasibHO-eKOHOMIYHIi e¢pbekTn Ta no-
TpebyioTb KOMOiIHOBaHNX piHaHCOBUX PU3NK-aAaNTOBaHNX MEeXaHi3MiB peani3auii.

lMicnaeoeHHa Bigb6ynoBa YkpaiHnu BigbyBaTtumMmeTbCsl ByMOBaxX BUCOKOI MiHINBOCTi, HEBU3HAa4€HOCTi,
cknagHocTi Ta HeogHo3Ha4yHocTi (VUCA). MiHnuBicTb CTBOPIOE PanToOBi KOPOTKOCTPOKOBI KOJINBAHHS
BAUHaMiILi aoxoniB Ta BATPAT, TO4I IK HEBU3HA4YEHICTb "PO3MUBaE” OBroCTPOKOBY MPOrHO30BaHIiCTh
rpowwoBux noTokiB. CknagHicTe NpU3BoaNTb [0 3POCTAaHHS HeNpPsMux piHaHCOBUX BUTPAaT Yyepe3 yri-
paBniHcbKi Ta koopAanHaLiiHi npobsiemu, a HeO4HO3HAYHICTb 0OMEXXY€E BIIeBHEHICTb y NPaBNU/IbHOCTI
IHBeCcTULiNHUX pilleHb, Wo npuiimaloTbcs. OTxe, Bumipu VUCA-cepegoBuLya € Tpurepamm QpiHaH-
COBUX PU3UNKIB IHPPaACTPYKTYPHNX MPOEKTIB.

Moaenb ¢pinaHcyBaHHS iIHPPACTPYKTYPHOIO NMPOEKTY MA€ OyTN NPNCTOCOBAHOIO 40 CYy4aCHUX YMOB.
lpoekTHe ¢piHaHCcyBaHHS — Le cnoci6é ¢piHaHCcyBaHHS Ha OCHOBI FPOLLIOBUX NMOTOKIB, OTPUMYBaHUX Bif
camMoro npoekTy. 3miwaHe piHaHCyBaHHS NOEAHYE NyOiYHI (AepikaBHi) KOLITY 3 NPUBATHUMN OS]
AOCSIrHeHHS CYCi/ZIbHO KOPUCHUX Linei. CTane piHaHcyBaHHS — e KOHUenyis iHBecTuuiii, ska Bpa-
XOBYE eKOJIorivyHi, couianbHi Ta ynpaBniHceki (ESG) kputepii, 3abe3ane4yyoyn JOBrocTpokoBy
CcTivikicTb. MOXXHa cka3aTu, Lo Le TPU Pi3Hi, asnie B3a€eMOrnoB '3aHi KOHUenuii, Lo OrnucyrTb Pi3Hi
acnekTvn piHaHcyBaHHS1, Big MexaHi3My (NMPOEKTHE) [0 Micii (cTane) Ta noeaHaHHs f)xepen (3mMiLua-
He).

Mera cTaTTi — 3anponoHyBaTv KOHLUenTyasbHy pamMKy, ika KomOiHye Tpu nigxogmn — (1) npoekTHe,
(2) 3miwaHe Ta (3) cTane piHaHCYBaHHS iIHPPACTPYKTYPHUX MPOEKTIB Yy KOHTEKCTI iX iHTerpoBaHoro
3acTocyBaHHS 419 NiABULLIEHHS a4anToBaHOCTI Ao BNauBIB (Tpurepie pusunkis) VUCA-cepegoBuuia.

lponoHoBaHa aHanNiTUKO-KOHLenTyasbHa MaTpuLs 4O3BOJISE CUCTEMAaTU30BaHO apryMeHTyBaTun
Ta Bi3yani3yBaTu AoLiNbHiCTb KOMOGIHOBaHOIro piHaHCYBaHHSA iHpPaCTPYKTYPHUX NPOEKTIB B yMOBax
nicnssBoeHHOi MoAepHiI3aLuii eKkOHOMIKM (3a YoTUpMa Tpurepamv pu3ukiB y Typoys1eHTHOMY eKOHOM-
iYyHOMYy cepenoBuLLi). Y UbOMY i nonsirae HaykoBa HOBU3Ha AaHoOro AocnigkeHHs. NMpakrnyHa 3aHa-
4YUMICTb MPONMOHOBAHOI MaTpULi Nonsirace y Tomy, W0 CTPYKTypOBaHe 06rpyHTyBaHHs MoAesi "npo-
EKTHe-3MiluaHe-cTasie piHaHCYBaHHS1" CIPUSITUME YCILLHOMY 3aJ1ly4€HHIO iHBEeCTULiHUX KOLUTIB Ha
peani3auyito iHppacTpykTypHUX MNPOEKTIB Nic/IIBOEHHOI BigOy[oBu Ykpainn. NMogansLui gocnipxeHHs
3a uiero TemMoro [0Li/IbHO NPOBECTU B KOHTEKCTI iMnaKT-iHBeCTyBaHHSI.

Key words: variability, uncertainty, complexity, ambiguity, project finance, blended finance, sustainable finance.
KnrowoBi cnoBa: minauBicme, HeBU3HAYEHICMb, CKAAOHICMb, HEOOHO3HAYHICMb, NPOEKMHE BIHAHCYBAHHS, 3Miwa-
He QiHaHcyBaHHS, cmase QiHaHCYBaHHA.

GENERAL STATEMENT OF THE PROBLEM structures and facilities necessary for the functioning of
AND ITS CONNECTION WITH IMPORTANT the economy and society. Infrastructure includes transport
SCIENTIFIC AND PRACTICAL TASKS networks, energy systems, water supply and wastewater

In ageneral sense, infrastructure encompasses the set facilities, telecommunications, and other structures that
of basic physical, organizational and institutional significantly affect the quality of life, productivity and long-
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Table 1. Impact of VUCA environment on risks and financial results

of infrastructure projects

Characteristics
of VUCA

Key impacts on project risks

Key influences
on the financial aspects
of infrastructure projects

Variability

The high frequency and amplitude of
changes in macroeconomic
indicators (inflation, exchange rates,
interest rates, energy prices), and the
cost of construction resources
increase the risks of exceeding the
project budget and reducing profits.

Increasing capital and
operating costs; worsening net
present value (NPV);
decreasing internal rate of
return (IRR); instability of
debt coverage ratios;
increasing cost of financing
due to increased risk premiums.

Uncertainty

Limited predictability leads to
possible errors in cash flow
forecasting, increasing risks of
demand for the product or service of
an infrastructure project.

Decreased reliability of cash
flow forecasts; expansion of
the range of possible NPV and
IRR values; increase in the
amounts of guarantees,
preferential financing, and
state support provided.

Complexity

The interdependence of a large
number of system elements,
numerous interconnections between
subsystems, and multi-level
structures increase coordination,
contractual, transactional, and
management risks.

Increased transaction and
structuring costs; extended
project preparation phase;
reduced financial efficiency;
potential dilution of equity
returns through complex risk-
sharing mechanisms.

Ambiguity

The lack of clear benchmarks,
incomplete information on long-term
demand and technological
development trajectories increases
strategic risks. Ambiguity
complicates data interpretation and
hinders decision-making.

Using conservative financial
assumptions, postponing
investment decisions,
increasing the discount rate.

Source: compiled by the authors.

term economic growth [1]. In modern conditions, digital
infrastructure, in particular, large-scale data centers, Al
villages, digital hubs, etc., is becoming a strategic
framework for innovative development [2]. Studies [3]
and [4] demonstrate the positive impact of the
development of transport and digital infrastructure on
the effectiveness of "green" innovations and sustainable
economic growth.

This article is devoted to the general scientific
problem of defining and substantiating the concept of
financing infrastructure projects that would best meet
modern requirements and conditions. In Ukraine, the
relevance of research in this area is particularly high, as
the post-war modernization of the economy will require
the implementation of a large number of infrastructure
projects.

ANALYSIS OF RESEARCH
AND PUBLICATIONS

Project finance is the process of financing a specific
economic unit that is created specifically for a project,
where the return on investment is ensured by the flow of
funds generated by the project itself [5]. The work [6]
analyzes the possibilities of applying different models of
project finance in Ukraine, emphasizing the need to adapt
international practices to the national institutional
environment.

Blended finance is increasingly seen as a key me-
chanism for financing infrastructure projects in
conditions characterized by high risk and significant
development needs. This approach is defined as the

strategic use of concessional public or philanthropic
capital to mobilize additional commercial private
investment in projects [7; 8]. The defining feature of
blended finance is not the amount of government support,
but its catalytic role in improving the risk-return ratio of
projects that would otherwise not be attractive to private
investors.

Sustainable finance is defined as finance that supports
economic growth while reducing negative environmental
impacts and taking into account social and governance
aspects [9].

Decision-making in the field of investment and
lending for infrastructure projects is influenced by
external financial and economic conditions. The acronym
VUCA (volatile, uncertain, complex, ambiguous) is a
characteristic of the state of the modern world.
Volatility (V) in the general sense here means rapid and
unexpected changes with an unclear duration of such
fluctuations; uncertainty (U) — the unknown of what will
happen in the future; complexity (C) — the interaction
of too many interconnected parts at different levels;
ambiguity (A) — the presence of many different
perspectives and points of view, confusion of cause-
and-effect relationships [10].

To date, no peer-reviewed academic articles have
been identified that simultaneously integrate
project, blended and sustainable finance on the one
hand, and use VUCA as an explicit analytical or
conceptual framework on the other. Therefore, it can
be said that this research niche is currently largely
unfilled.
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FORMULATION
OF THE ARTICLE'S GOALS
(TASK STATEMENT)

The purpose of the article is to propose a conceptual
framework that combines three approaches — (1) project,
(2) blended and (3) sustainable financing of infrastructure
projects in the context of their integrated application to
increase adaptability to the impacts (risk triggers) of the
VUCA environment.

This goal determines the following research objectives:

— to characterize the impact of the VUCA environ-
ment on the risks and financial results of infrastructure
projects;

— todevelop aconceptual matrix of drivers of project
adaptation from combined financing to the risk triggers
of the VUCA environment;

— to determine the role of each element of the matrix
and emphasize its synergistic effect.

THE PAPER MAIN BODY

In the course of this study, the following methods were
used: systematization and classification of information,
abstraction and grouping (in particular, to describe the
modern environment of risk triggers — VUCA, in the
context of the topic of the article), structural-functional
method, scientific abstraction, induction and deduction,

graphical (the last of the listed methods is for visual
presentation of results).

Table 1 shows the impact of VUCA environment
triggers on therisks and financial results of infrastructure
projects.

The information presented in Table 1 indicates the
following. The general meaning of each of the VUCA
dimensions, which is presented in the section "Analysis of
Research and Publications", in the context of finance is
transformed into the corresponding impacts on the risks
and financial results of infrastructure projects. Therefore,
the VUCA dimensions (variability, uncertainty, complexity
and ambiguity) are, among other things, triggers of
financial risks of infrastructure projects. The question is
how the studied financing concepts (project, blended and
sustainable) and their combination adapt projects to VUCA
conditions. The above definitions of the three financing
concepts allow to make the following generalization.
Project financing is a method of financing based on cash
flows received from the project itself. Mixed financing
combines public (state) funds with private ones to achieve
socially beneficial goals. Sustainable financing is an
investment concept that takes into account environmental,
social and governance (ESG) criteria, ensuring long-term
sustainability. It can be said that these are three different
but interrelated concepts, which, among other things, can

A combination of concepts:
project (P), blended (B) and sustainable (S) financing
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Synergy of adaptation drivers to risk triggers

Fig. 1. Matrix of drivers of combined finance for adaptation to risk triggers of the VUCA environment

Note: VP, VB, VS — shock absorbers (adaptation drivers to) variability from the elements "project finance", "

blended financing"

and "sustainable financing" respectively; UP, UB, US — shock absorbers of uncertainty from the elements "project finance", "blended
financing" and "sustainable financing" respectively; CP, CB, CS — shock absorbers of complexity from the elements "project finance",
"blended financing" and "sustainable financing" respectively; AP, AB, AS — shock absorbers of ambiguity from the elements "project

non

finance",
article).
Source: formed by the authors.

blended financing" and "sustainable financing" respectively (the content of each of the drivers is disclosed in the text of the
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be recognized as dimensions of the space of proactive
adaptation to the risk environment of financing in the
coordinates of (X) mechanism (project), (Y) mission
(sustainable) and (Z) array of sources (mixed).

Combined financing integrates project, blended and
sustainable financing into a unified concept that creates a
positive synergistic effect.

The matrix of key drivers of combined ("project-
blended-sustainable” PBS) financing of an
infrastructure project, which serve as factors of preventive
adaptation to risk triggers (variability, uncertainty,
complexity, ambiguity — VUCA) is shown in Fig. 1.

The matrix of synergistic action of key shock
absorbers of combined financing (means of resistance to
the effects of risk triggers in the VUCA environment)
includes the following elements (Fig. 1):

VP (key means of adaptation to variability from the
side of the "project financing" factor) — the use of an EPC
contract (Engineering, Procurement, Construction) with
the contractor's responsibility for a fixed price and terms,
placing a particular risk on the stakeholder who has the
greatest influence on it;

VB (key means of adaptation to variability from the
side of the "mixed financing" factor) — absorption of
variability through state guarantees or first-loss
instruments;

VS (key means of adaptation to variability from the
side of the "sustainable financing" factor) — natural for
this concept, investors' focus on the long full life cycle of
the "project-asset" and long-term value, rather than on
short-term financial fluctuations, independent external
assurance /audit, constant monitoring and measurement;

UP (key means of adapting to uncertainty from the
"project finance" factor) — the use of non-recourse or
limited-recourse financing, long-term purchase and sale
agreements (offtake), hedging instruments and reserve
accounts to ensure debt repayment from project revenues;

UB (key means of adapting to uncertainty from the
"blended finance" factor) — reducing uncertainty by
signaling public commitment and political support:
participation of the state or international financial
institutions (IFls);

US (key means of adapting to uncertainty from the
"sustainable finance" factor) — scenario analysis,
alignment of investments with long-term ESG priorities and
public policy goals (climate transition, social development)
and relevant preferences;

CP (key means of adapting to complexity from the
"project finance" factor) — creation of SPV, application
of a clear hierarchy of cash flows (cash-flow waterfall),
standardized documentation and separation of project
risks from the balance sheets of sponsors;

CB (key means of adapting to complexity from the
"mixed finance" factor) — active management of
complexity by coordinating heterogeneous participants
(public sector, MFls, private investors) and harmonizing
different expectations of risk and return within a single
financial structure;

CS (key means of adapting to complexity from the
"sustainable finance" factor) — systematic application of
best practices of hierarchical structuring of work (WBS),
for example [11], development of strategic roadmaps;

AP (key means of adapting to ambiguity from the
"project finance" factor) — giving preference to proven
technologies and mature business models, structuring of
deals;

AB (key means of adapting to ambiguity from the
"mixed financing" factor) — absorption of ambiguity
through public or concessional capital;

AS (key means of adapting to ambiguity from the
"sustainable financing" factor) — clear standards, such
as [12; 13], disclosure and public reporting, stakeholder
engagement and active feedback.

The above description of the matrix contains precisely
the key means of adaptation to risk triggers from each of
its elements. Moreover, the means of adaptation are
presented in such a way that each of them is given in only
one element (this emphasizes a certain specificity of each
element). Thus, this description is clearly focused. At the
same time, it should be noted that with a less focused
(broader) description of the matrix elements, certain
means of adaptation to risk triggers would be repeated in
several elements. For example, the adaptation means "...
at the expense of public or preferential capital” would take
place not only in element AB, but also, say, in element VB.

Summarizing the above, we can say that combined
(PBS) financing provides an investment infrastructure
project with adaptability to risks in a four-dimensional
VUCA environment. It should be noted that as a result
of the integrated application of three concepts ("pro-
ject-blended-sustainable" financing), the adaptability of
an investment infrastructure project to the challenges
of the risk environment increases with a synergistic
effect.

CONCLUSIONS AND PROSPECTS
FOR FURTHER RESEARCH IN THIS AREA

An infrastructure project can be defined as a large-
scale long-term investment initiative aimed at creating or
modernizing infrastructure assets that provide basic
services, generate systemic socio-economic effects, and
require combined financial risk-adapted implementation
mechanisms.

The post-war reconstruction of Ukraine will take place
in conditions of high volatility, uncertainty, complexity, and
ambiguity (VUCA). Volatility creates sudden short-term
fluctuations in the dynamics of revenues and expenses,
while uncertainty "erodes" the long-term predictability of
cash flows. Complexity leads to an increase in indirect
financial costs due to management and coordination
problems, and ambiguity limits confidence in the
correctness of investment decisions made. Therefore, the
dimensions of the VUCA environment are triggers of
financial risks of infrastructure projects.

The key result of this work is the creation of a matrix
of drivers of combined ("project-mixed-sustainable") fi-
nancing of an infrastructure project, which are factors of
adaptation to risk triggers (variability, uncertainty,
complexity, ambiguity — VUCA).

The proposed analytical and conceptual matrix allows
for a systematic argumentation of the feasibility of using
combined financing of infrastructure projects in the
conditions of post-war modernization of the economy
(according to four risk triggers in a turbulent economic

IHBecTuuli: noaxsTka 1a gocsig N 4/2026




Yk

%%,

%
%
;

environment). This is the scientific novelty of this study.
The practical significance of the proposed matrix lies in
the fact that a structured justification of the "project-
mixed-sustainable financing" model will contribute to the
successful attraction of investment funds for the
implementation of infrastructure projects for the post-war
reconstruction of Ukraine.

Further research on this topic should be conducted in
the context of the impact-investment mechanism.
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