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ECONOMIC ASSESSMENT OF POLLUTION
IMPACT ON FORMATION OF SUSTAINABLE
FINANCING STRATEGIES FOR ENTERPRISES

ABSTRACT

The transition to sustainable development requires enterprises to account for the finan-
cial consequences of environmental pollution, yet reliable tools for quantifying these
consequences remain limited. The purpose of the article is to develop a methodological
approach to the economic assessment of the impact of environmental pollution on en-
terprises’ financial indicators and to substantiate sustainable financing strategies on this
basis. The approach combines an integral indicator of the impact of pollution on the
financial condition of an enterprise, a net present value model adjusted for environmen-
tal costs and an environmental risk premium, and regression models of return on assets
(ROA) and weighted average cost of capital (WACC) that include environmental varia-
bles, together with an environmental risk index and an environmental load coefficient
with explicit calculation rules. The article is methodological: the models are specified for
application to panel data of enterprises, a procedure for their estimation and diagnostics
is proposed, and their use is demonstrated on hypothetical illustrative examples rather
than on empirical estimates. The illustrative calculation shows that ignoring environ-
mental costs and risks can turn a project with a positive net present value into a value-
destroying one. On this basis, a conceptual approach to forming sustainable financing
strategies is proposed, comprising diagnostic, strategic, investment, financial-manage-
rial and communication components, together with a typology of four strategies: envi-
ronmental transformation, gradual ecologization, environmental improvement and en-
vironmental leadership, with criteria for selecting among them based on the terciles of
their distribution. Sector-specific recommendations on financing instruments are formu-
lated. The findings provide a methodological basis for integrating environmental param-
eters into enterprises’ financial strategies and investment appraisal.

Keywords: environmental pollution, sustainable financing, financial strategy, return on
assets, weighted average cost of capital, environmental risk, net present value, ESG,
green finance, enterprise

JEL Classification: G31, G32, Q51, Q56, M14

INTRODUCTION

In the context of growing environmental challenges and the transformation of the global
business paradigm toward sustainable development, assessing the impact of environ-
mental pollution on the financial results and strategies of enterprises becomes particu-
larly relevant. Current trends indicate a fundamental shift in approaches to evaluating
enterprise performance — from exclusively financial indicators to a comprehensive as-
sessment of the economic, environmental, and social components of activity. This reor-
ientation stimulates businesses to adapt their financial strategies by integrating envi-
ronmental factors into management decision-making.

Institutional investors increasingly treat the low-carbon transition as an investment pri-
ority: in a survey of 200 institutional investors managing USD 8.7 trillion, 98% had set
a transition investment objective for their portfolios, and 56% planned to increase tran-
sition allocations within the next one to three years (BlackRock, 2023). Issuance of
green bonds reached a record USD 575 billion in 2023, while total sustainable bond
issuance amounted to USD 939 billion (Gardiner & Freke, 2024). At the same time, the
Lancet Commission on pollution and health estimated welfare losses from pollution at
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USD 4.6 trillion per year, or 6.2% of global economic output (Landrigan et al., 2018), and the World Bank (2025) puts the
economic cost of air pollution alone at nearly 5% of global GDP. In Ukraine, the deterioration of the ecological situation
has been shown to reduce life expectancy and worsen the health of the population (Andrusiv et al., 2024). These data
confirm the importance of integrating environmental factors into companies’ financial strategies.

Despite growing awareness of environmental aspects, most enterprises still face the challenge of quantitatively assessing
the impact of pollution on their financial indicators and capitalization. The absence of reliable methodologies for such
assessment complicates the formation of effective sustainable financing strategies and does not allow full use of the
potential of «green» financial instruments.

LITERATURE REVIEW

Research on the impact of environmental pollution on the financing strategies of enterprises has intensified with growing
environmental awareness among investors and stricter requirements for environmental information disclosure. The litera-
ture can be grouped into several thematic directions that form the theoretical and methodological basis for understanding
the relationship between environmental risks and enterprises’ financial strategies.

The theoretical foundations of the relationship between pollution and economic processes are presented by Landrigan et
al. (2018), who found that pollution leads to significant economic losses through increased healthcare costs, reduced
labour productivity, and degradation of natural resources. Scholtens (2017) justifies the need to integrate environmental
risks into financial decisions, arguing that financial institutions cannot ignore environmental problems since they directly
affect the long-term profitability of investments. In earlier work, Scholtens (2006) showed that finance can act as a driver
of corporate social responsibility, creating incentives for enterprises to behave in a more environmentally responsible way.

The concept of Porter and van der Linde (1995) on the relationship between the environment and competitiveness remains
relevant: strict environmental standards can stimulate innovations that fully offset the costs of compliance. This concept
was developed by King and Lenox (2002), who empirically identified the loci of profitable pollution reduction at the level
of individual enterprises.

A separate strand of research links environmental performance directly to financial outcomes. Konar and Cohen (2001)
showed that poor environmental performance is negatively correlated with the intangible asset value of firms, and Al-
Tuwaijri et al. (2004) found that good environmental performance is associated with good economic performance. Accord-
ing to the meta-analysis of Busch and Lewandowski (2018), carbon emissions vary inversely with financial performance,
while Fan et al. (2017) established a positive relationship between energy efficiency and return on assets for energy-
intensive firms. With regard to financing costs, Sharfman and Fernando (2008) demonstrated that improved environmental
risk management is associated with a lower cost of capital, and Chava (2014) found that firms with environmental concerns
face a higher cost of both equity and debt capital.

Stanescu et al. (2021) proposed a conceptual model for integrating environmental impact into managerial accounting
information systems, which allows enterprises to assess environmental risks and their financial consequences more effec-
tively. Ismail et al. (2024) developed quantitative approaches in decision theory to enhance risk assessment strategies,
which can be applied to environmental risks.

The role of ESG ratings in forming financial strategies was studied by Avetisyan and Hockerts (2017), who showed that
the consolidation of the ESG rating industry and the standardization of ESG assessments can lead to a simplification of
complex environmental and social problems. D’Amato et al. (2021) used machine learning to predict ESG scores from
fundamental financial ratios, which clarifies the relationship between financial indicators and ESG ratings. Ferro et al.
(2025) revealed an imbalance between the aspirational and performance features of ESG ratings, which has important
implications for sustainable financing strategies.

Portfolio investment with ESG factors is examined by Chen et al. (2021), who developed a model for optimizing socially
responsible portfolios with ESG criteria, and by Jin (2022), who proposed a systematic approach to accounting for ESG risk
in decision criteria for optimal portfolio selection. Pedersen et al. (2021) developed the concept of the ESG-efficient frontier,
which demonstrates the attainable risk - return trade-off when ESG factors are taken into account. Anquetin et al. (2022)
studied the impact of different scopes of carbon emissions on green portfolios, which relates directly to the influence of
pollution on investment decisions.

Behavioural aspects of sustainable investing were studied by Bauer and Smeets (2015), who identified the role of social
identification in investment decisions, and by Berry and Junkus (2013), who examined socially responsible investing from
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an investor perspective. Derwall et al. (2011) compared values-driven and profit-seeking social investors, and Dimson et
al. (2015) showed that investors can influence corporate behaviour on environmental issues through active ownership,
which creates additional incentives for enterprises to develop sustainable financing strategies. Bertolotti (2020) studied
risk management in ESG portfolios, and Ouchen (2022) compared the volatility of an ESG portfolio with a market bench-
mark portfolio. Kapil and Rawal (2023), Alda (2021), and De Spiegeleer et al. (2023) confirm that ESG has become a
separate dimension of portfolio allocation. Market evidence points in the same direction: green bond issuance reached a
record in 2023 (Gardiner & Freke, 2024), and institutional investors name the low-carbon transition among their key
investment priorities (BlackRock, 2023).

Ukrainian research in this field can be grouped into three directions. The first concerns «green» financial instruments and
the institutional conditions for their development. Pimonenko and Lushyk (2017) analysed the EU experience of green
investing and the prospects for its transfer to Ukraine; Chygryn et al. (2018) substantiated green bonds as an incentive
for cleaner production at the government and corporate levels, and Pimonenko et al. (2018) considered green entrepre-
neurship an integral part of the convergence of the national economy. Andrusiv et al. (2026) examined how ESG factors
shape investment strategies and securities trading in the context of sustainable finance for Ukrainian enterprises. These
works identify the instruments and the participants of the green finance market, but evaluate them mainly at the market
and state level, without quantifying how the environmental profile of a particular enterprise affects its access to financing
and its cost.

The second direction examines the fiscal and financial regulation of environmental management. Labenko et al. (2024)
found that environmental taxes in Ukraine remain an ineffective financial instrument, with a share of GDP below the EU
level, and used regression analysis to link air pollutant emissions with current and capital expenditures on environmental
protection. Samaricheva et al. (2024) showed that the share of the environmental tax in consolidated budget revenues
declined in 2019 - 2023 and that incentives for enterprises to introduce clean technologies remain weak, while Vasilyeva
et al. (2023) examined environmental taxation as a means of promoting pro-environmental behaviour. Taken together,
these studies suggest that under weak regulatory pressure, the financial consequences of pollution for Ukrainian enter-
prises are transmitted not so much through payments to the state as through the market — via profitability, investor
requirements, and the cost of capital — which justifies assessing these channels directly.

The third direction addresses resource efficiency and the modernization of enterprises. Zelinska et al. (2021) compared
sustainable development trends in Ukraine and the world, and Kupalova et al. (2025) studied the ecological modernization
of production as a prerequisite for the innovative development of industrial enterprises. These works operate at the level
of enterprises and sectors, but treat ecological modernization primarily as a technological and innovation task rather than
a financial one. Thus, Ukrainian scholarship has made substantial progress in substantiating green financial instruments
and regulatory mechanisms, whereas micro-level econometric evidence on the relationship between pollution, profitability,
and the cost of capital of Ukrainian enterprises is still lacking.

Nevertheless, the existing studies focus mainly on listed companies and investment portfolios and treat profitability, cost
of capital, and investment appraisal separately. A methodological approach that quantifies the impact of pollution on these
indicators within a single framework and translates the resulting assessment into a choice of financing strategy for an
enterprise is still lacking.

AIMS AND OBIJECTIVES

The aim of the article is to develop a methodology for the economic assessment of the impact of environmental pollution
on enterprises’ financial indicators and to substantiate sustainable financing strategies on the basis of this assessment.
The objectives are as follows:

1. To formalize an integral model that links environmental, financial, and sustainable development parameters of an
enterprise.

2. To modify the net present value model of investment projects so that it accounts for environmental costs and
environmental risk.

3.  To specify econometric models of the impact of pollutant emissions on return on assets and on the weighted average
cost of capital and a procedure for their estimation.

4. To develop a conceptual approach to forming sustainable financing strategies and a typology of such strategies.

5. To formulate sector-specific recommendations for implementing these strategies.
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METHODS

The economic assessment of the impact of pollution on enterprises’ financial results is based on the concept of internalizing
external effects (externalities), according to which the negative consequences of business activity should be reflected in
the financial indicators of the business entity. The theoretical basis includes the externality theory of Pigou (1920) and the
theory of social cost of Coase (1960), the concept of total economic value (Pearce & Turner, 1990), stakeholder theory
(Freeman, 1984), and the ESG investing paradigm (Eccles et al., 2014; Elamer & Boulhaga, 2024; Useche et al., 2024).

The study relies on three basic models of corporate finance and econometrics; the modifications developed by the authors
are presented in the Results section. Investment projects are evaluated with the classical net present value model, which
is based on the theory of interest of Fisher (1930):

CF
NPV =Xl o gme )

where NPV s the net present value of the project; CF, is the net cash flow in period t; r is the discount rate; T is the
planning horizon of the project.

The cost of financing is measured by the weighted average cost of capital, the theoretical foundations of which were laid
by Modigliani and Miller (1958):

WACC:§-k8+§-kd-(1—r), ()

where E and D are the values of equity and debt capital; V = E + D, k, and k, are the costs of equity and debt; t is the
corporate income tax rate. For enterprises whose shares are not traded on a stock exchange, the cost of equity cannot be
observed directly and has to be estimated by the build-up method or by the CAPM with the betas of comparable listed
companies; this introduces measurement uncertainty into WACC that should be taken into account when the results are
Interpreted.

The relationships between environmental and financial indicators are estimated with the linear multiple regression model:
Y; = Bo + Xk=1 B Xui + &/ (3)

whereY; is the financial indicator of enterprise i, X,; are the explanatory variables; p,, ..., by are the coefficients estimated
by the ordinary least squares method; ¢; is the random error.

To include environmental factors in these models, the environmental parameters with the greatest impact on financial
results were identified from the literature: greenhouse gas emissions in CO2 equivalent (Busch & Lewandowski, 2018);
energy efficiency, i.e. energy consumption per unit of production (Fan et al., 2017); water consumption and pollution of
water resources (Irtyshcheva et al., 2023); waste generation and management (Al-Tuwaijri et al., 2004); and the use of
chemical substances and their release into the environment (Konar & Cohen, 2001). The environmental costs of enterprises
include the costs of complying with environmental legislation, payments for pollution and the use of natural resources, the
costs of preventing pollution and eliminating its consequences, and potential environmental liabilities and penalties.

The article is methodological in nature. Its purpose is to specify the models and the procedure for their application rather
than to report estimates for a particular sample; the numerical examples in the Results section are hypothetical and serve
only to demonstrate the calculations. The models are designed for application to panel data of industrial enterprises, and
the following requirements for such an application are proposed.

Sample formation. The population comprises enterprises of pollution-intensive industries (chemical, metallurgical, energy,
mechanical engineering and food) that report pollutant emissions to the State Statistics Service of Ukraine and pay the
environmental tax. An enterprise is included if it (a) has published annual financial statements for every year of the study
period, (b) has reported emissions of pollutants for the same years, and (c) operated continuously over the period without
reorganization. For each enterprise, its legal form, region, and listing status are recorded, and the sample should include
both listed and non-listed enterprises. The representativeness of the sample is checked by comparing its industry and
regional structure and its size distribution with the population. Enterprises located in temporarily occupied territories or in
areas of active hostilities are identified separately, since their reporting may be incomplete. The information sources are
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the financial statements of enterprises, environmental tax declarations, statistical reporting on emissions and waste, the
results of environmental inspections and audits, and credit ratings assigned by authorized rating agencies.

Data structure and estimation. Both regression models are estimated on the same enterprise-year panel rather than on
averaged data, so that the time variation is preserved and the two models are comparable. For enterprise i in year t,
model (6) takes the form ROA;; = aIn(EM;;) + a,In(TA;) + azLEV;, + auIn(AGE;) + u; + 6, + €, where u; are enterprise
effects, and §, are year effects; model (7) is specified in the same way. Year effects absorb the common shocks of the
period - for 2019 - 2023, the COVID-19 pandemic, the energy crisis, and the full-scale war - which simultaneously affect
emissions, profitability, leverage, the cost of capital, and credit ratings. The choice between fixed and random enterprise
effects is made with the Hausman test, and pooled OLS is used only if the Breusch - Pagan Lagrange multiplier test does
not reject the absence of individual effects. Since the age of an enterprise grows by one each year, In(AGE) is not identified
separately from enterprise and year fixed effects and is retained only in the random-effects specification. Standard errors
are clustered by enterprise, because repeated observations of the same enterprise are not independent.

Diagnostics. The procedure includes the variance inflation factor (VIF) for multicollinearity, in particular between In(EM)
and the environmental risk index; the Breusch - Pagan test (or the modified Wald test in the fixed-effects model) for
heteroscedasticity; the Wooldridge test for serial correlation in panel data; the Jarque - Bera test for the normality of
residuals; Cook’s distance for influential observations; and the Ramsey RESET test for the functional form. If heterosce-
dasticity or serial correlation is detected, cluster-robust standard errors are used; if the VIF exceeds 5, the collinear varia-
bles are combined, or one of them is excluded. Possible endogeneity — for example, more profitable enterprises can afford
more pollution abatement — is addressed by using lagged explanatory variables and, where suitable instruments are avail-
able, instrumental-variable estimation. The calculations can be performed in R (plm package), Stata or Python (linearmod-
els).

RESULTS

Building on the basic models (1) — (3), the authors developed an integral model of the impact of environmental factors
and modified the models of net present value, return on assets, and cost of capital so that they take environmental factors
into account.

The integral model links the environmental, financial and sustainable development parameters of an enterprise and syn-
thesizes concepts of environmental economics, corporate finance and sustainable development:

EFI =Y a;-EP;+ X, b; - FP + X}y ¢k - SRy, (4)

where EF1 is the integral indicator of the impact of environmental pollution on the financial condition of the enterprise;
EP; are environmental parameters of enterprise activity (levels of pollutant emissions, intensity of natural resource use);
FP; are key financial indicators (profitability, liquidity, financial stability); SR, are sustainable development indicators,
including social and managerial aspects; a;, b;, c, are weight coefficients that reflect the relative importance of each
parameter in the overall impact.

Because the indicators in model (4) are measured in different units, they are normalized before aggregation: stimulants
(indicators whose growth improves the condition of the enterprise) as %; = (x; — x/*™)/(x/"* — x/™"), and destimulants
(for example, emissions and environmental payments) as %; = (xj"‘“" -x;)/ (xj"‘“" - x}"i"), where the minimum and max-
imum are taken over the analysed set of enterprises or over industry benchmarks. After normalization, all components
take values from 0 to 1, and a higher value of EFI corresponds to a lower financial vulnerability of the enterprise to
environmental factors. The weights a;, b; and c; are non-negative and sum to one; they can be set equal (by default),
determined by the entropy weight method from the variation of the indicators, or established by expert pairwise compar-
ison (the analytic hierarchy process). The sensitivity of the ranking of enterprises to the choice of weights should be
checked.

After normalization, the integral indicator is intended to allow enterprises with different environmental profiles to be com-
pared and changes in their financial vulnerability to environmental factors to be monitored over time; its discriminating
power should be verified empirically when it is applied to a particular set of enterprises. In contrast to the classical model

CF—EC,
NPVeny = ?:0 (1_:r+l)tt' (5)
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where NPV,,,, is the net present value adjusted for environmental factors; CF, is the cash flow in period t; EC, are envi-
ronmental costs in period t,; r is the base discount rate; A is the environmental risk premium, T is the planning horizon of
the investment project.

To avoid double counting, the two adjustments in model (5) capture different components of environmental risk. EC; is
the expected value of environmental costs: planned payments for pollution and resource use, compliance and abatement
costs, and probability-weighted expected fines, damages, and remediation liabilities. The premium 2 reflects only the
residual systematic risk that cannot be diversified and is not captured by the expected cash flows — for example, the risk
of tightening carbon regulation and rising emission prices, which is correlated with the general economic situation. If all
environmental risks are fully reflected in the expected cash flows, 1 = 0; conversely, a risk included in A is not included in
EC,.

The effect of the modification can be shown with an illustrative calculation. Consider a hypothetical investment project
with an initial investment of UAH 50 million, annual cash flows of UAH 15 million over five years, annual environmental
costs of UAH 2 million, a base discount rate of 12% and an environmental risk premium of 3 percentage points reflecting
the systematic risk of tightening carbon regulation. The classical model (1) gives NPV = UAH 4.07 million, so the project
appears acceptable. Taking into account only the environmental costs reduce the value of the project to UAH —3.14 million;
taking into account only the risk premium reduces it to UAH 0.28 million, and model (5) with both factors gives NPV,,,,, =
UAH —6.42 million. Thus, ignoring environmental costs and risks overstates the value of the project by UAH 10.49 million
and may lead to financing a project that destroys value once environmental liabilities materialize. In this example, envi-
ronmental costs have the stronger effect, which means that investments reducing EC, directly increase the value of the
enterprise’s projects.

The regression model of return on assets specifies the general model (3) for profitability and includes the volume of
pollutant emissions as the environmental factor:

ROA = ay + a1 - In(EM) + a, - In(TA) + a3 - LEV + a4 - In(AGE) + ¢, (6)

where ROA is return on assets, %,; EM is the volume of pollutant emissions, tons; TA s the total assets of the enterprise;
LEV s financial leverage (the debt-to-assets ratio); AGE is the age of the enterprise, years; a, is the intercept; a,, ..., a,
are regression coefficients; ¢ is the random error.

Since the cost of financing is central to the choice of a financing strategy, the impact of environmental factors on the
weighted average cost of capital was estimated with a second model:

WACC =y + vy -In(EM) +y5 - Roco + V3 - In(TA) + ¥, - LEV + y5 - Cy + &, (7)

where WACC is the weighted average cost of capital, which reflects the average cost of equity and debt financing; R, IS
the index of the environmental risk of the enterprise; C, is the credit rating of the enterprise; v, is the intercept; v, ..., vs
are regression coefficients; the other variables are as defined above.

The environmental risk index R,., in model (7) is constructed so as not to duplicate the volume of emissions, which enters
the model as a separate variable. It aggregates the indicators listed in Table 1, normalized in the same way as in model
(4), with equal weights (or with weights determined by the entropy method) and takes values from 0 (minimum risk) to 1
(maximum risk). Before estimation, the correlation between R,., and In(EM) and the VIF are checked; if they are high,
the components most correlated with emissions are excluded from the index.

Table 1. Components of the environmental risk index R, ,. Note: the sign “+” means that growth of the indicator increases environmental risk.

Component Indicator Direction Data source

Regulatory compliance Environmental fines and penalties, % of revenue + Financial statements; inspection reports

Burden of environmental

payments Environmental tax and pollution charges, % of revenue + Tax declarations; financial statements

Share of hazardous waste (hazard classes I - III) in to-

Hazardous waste tal waste generated + Statistical reporting on waste
Environmental incidents Number of recorded accidents and violations per year + Inspection reports; non-financial reports
Environmental management Absence of a certified environmental management sys- + Certification registers; non-financial reports

tem (ISO 14001): 1 - absent, 0 - present
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Since the article is methodological, the models are not estimated on a particular sample. Table 2 summarizes the expected
signs of their parameters and their theoretical justification; these signs form the hypotheses to be tested when the models
are applied to empirical data.

Table 2. Expected signs of the parameters of models (6) and (7). Note: "-" means that the variable is not included in the model.

Variable MOng A(G)' M(:’S‘e\lcg), Theoretical justification
Environmental payments and abatement costs reduce profit; regulatory and reputational risk
In(EM) - + raises the return required by investors and creditors (Busch & Lewandowski, 2018; Chava,
2014)
Reco - + Higher environmental risk increases the risk premium (Sharfman & Fernando, 2008)
In(TA) + - Economies of scale; larger enterprises have lower default risk and better access to capital
LEV _ + Interest expenses reduce return on assets; higher leverage increases financial risk (Modigliani
& Miller, 1958)
In(AGE) + - Accumulated experience may raise efficiency, while older equipment may lower it
C, - - A higher credit rating lowers the cost of debt

Table 3 illustrates the application of model (6) to three hypothetical enterprises with different levels of emissions and debt
load. The parameter values are illustrative and consistent with the expected signs in Table 2: ao = 12.0, a1 = -1.5, a2 =
0.9, a3 = -4.0 and a4 = —0.3.

Table 3. Illustrative calculation of ROA using regression model (6). (Source: authors’ calculations for hypothetical enterprises with illustrative
parameter values)

. TA, UAH AGE, o
Enterprise Industry EM, tons million LEV years In(EM) In(TA) In(AGE) ROA, %
A Chemical 120 80 0.45 12 4.79 4.38 2.48 6.21
industry
B Energy ) 100 0.35 8 4.50 4.61 2.08 7.38
c F°°dtri;‘d“s' 60 60 0.25 6 4.09 4.09 1.79 8.01

Enterprise A (chemical industry), which has the highest emissions and debt load, has the lowest estimated return on assets
(6.21%). Enterprise B (energy) occupies an intermediate position (7.38%), and Enterprise C (food industry), with the
lowest emissions and leverage, has the highest estimated return on assets (8.01%). This ranking shows how the model
translates differences in emissions and leverage into differences in profitability; the figures are illustrative and are not
empirical estimates. With a1 = —1.5, a 10% increase in emissions changes ROA by —1.5 x In 1.1 = —0.14 percentage
points.

Based on the proposed models, a conceptual approach to forming sustainable financing strategies for enterprises is pro-
posed (Figure 1).

Assessment of current

environmental factors’

impact on enterprises’
financial indicators

Disclosing information
about enterprises’ goals for reducing
environmental activity enterprises’ environmental
aspects impact

Determining strategic

Adapting enterprises’ Planning and optimizing
financial management environmental
system investments

Figure 1. Conceptual approach to forming sustainable financing strategies for enterprises.
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The conceptual approach includes five components:
1. Diagnostic component — assessment of the current impact of environmental factors on financial indicators.
2.  Strategic component — determination of strategic goals for reducing environmental impact.
3.  Investment component — planning and optimization of environmental investments.
4.  Financial-managerial component — adaptation of the financial management system.
Communication component — disclosure of information about environmental aspects of activity.

The components form a closed management cycle (Figure 1): the results of the communication component and the reac-
tion of investors and creditors become input data for the next diagnostic stage. The content of each component and its
link to the proposed models are as follows.

The diagnostic component is the entry point of the cycle. The environmental parameters of the enterprise (emissions,
energy and water consumption, waste) are combined with its financial indicators in the integral indicator (4), and models
(6) and (7) are used to estimate how much profitability the enterprise loses and how much more it pays for capital because
of its environmental load. For example, with the illustrative value a1 = —1.5, model (6) implies that a 20% reduction in
emissions raises ROA by about 0.33 percentage points (—1.5 x In 0.8 = 0.33). The output of this stage is the environmental
load coefficient of the enterprise and its position in the distribution of this coefficient among comparable enterprises.

The strategic component translates the diagnosis into targets. On the basis of the environmental load coefficient and the
impact on ROA, the type of sustainable financing strategy is selected (Figure 2, Table 4), and target values for emissions,
energy intensity, and waste are set together with the corresponding financial targets for ROA and WACC over a planning
horizon of three to five years.

The investment component selects and finances environmental projects. Projects are ranked by NPV,,,,, according to model
(5); projects that are acceptable under the classical model (1) but have a negative NPV,,, are revised or rejected, while
projects that reduce environmental costs EC, or the risk premium 2 receive priority. The sources of financing are matched
to the selected strategy.

The financial-managerial component adapts the financial management system: environmental costs and reserves are in-
cluded in budgets, environmental indicators are added to the key performance indicators of managers, and the capital
structure is optimized. According to corporate finance theory and the expected signs of as and y4 (Table 2), financial
leverage both reduces ROA and increases WACC; therefore, enterprises with a high environmental load should finance
modernization primarily with long-term, target-oriented instruments rather than by increasing short-term debt.

The communication component covers the disclosure of environmental information to investors, creditors, and other stake-
holders. It is theoretically expected that transparent environmental reporting reduces the environmental risk perceived by
investors and creditors and supports the credit rating, which, given the expected signs of y2 and ys in model (7), would
lower the cost of capital. Model (7) does not contain a disclosure variable; therefore, this effect is a hypothesis to be tested
by adding a disclosure indicator to the model rather than a result of the present study. Disclosure is also a prerequisite for
access to green bonds and sustainability-linked loans.

Depending on the level of impact of pollution on financial indicators and on industry specifics, four types of sustainable
financing strategies are distinguished (Figure 2).

Environmental
Transformation
Strategy

Environmental
Leadership
Strategy

<

Environmental Gradual
Improvement Ecologization
Strategy Strategy

Figure 2. Sustainable financing strategies for enterprises.
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1.  Environmental transformation strategy — for enterprises with a high environmental load and a significant negative
impact on financial indicators; it involves a radical change in technological processes and the business model.

2. Gradual ecologization strategy — for enterprises with a medium environmental load; it is oriented toward the phased
introduction of environmentally clean technologies and practices.

3. Environmental improvement strategy — for enterprises with a low environmental load; it is aimed at optimizing
existing processes and introducing environmental management systems.

4.  Environmental leadership strategy — for enterprises that seek competitive advantages through environmental factors;
it involves a proactive approach to managing environmental aspects and to innovation in sustainable development.

The environmental load coefficient of an enterprise is calculated as the ratio of its total environmental costs to net revenue,
Kg, = EC/R, where EC is the sum of the environmental tax and pollution charges, current environmental protection costs,
environmental fines, and depreciation of environmental protection assets for the year, and R is net revenue. The coefficient
shows the share of revenue absorbed by environmental costs; it is calculated from financial statements and environmental
tax declarations and is comparable across enterprises of different sizes.

The choice between the strategies is based on two quantitative criteria obtained at the diagnostic stage: the environmental
load coefficient and the impact of environmental factors on ROA. Fixed threshold values are not universal, so they are set
from the distribution of the criteria in the analysed set of enterprises (an industry or a national sample) using terciles.
Enterprises in the upper tercile are assigned to environmental transformation, those in the middle tercile to gradual ecolo-
gization, and those in the lower tercile to environmental improvement (Table 4). The expected ROA loss is calculated with
model (6) as the difference between the ROA predicted at the enterprise’s actual emissions and at the median emissions
of the analysed set. If the two criteria place an enterprise in different terciles, the more demanding strategy is chosen.

Table 4. Criteria for selecting a sustainable financing strategy.

Strategy

Environmental
load coefficient

Expected ROA
loss (model 6)

Typical industries

Priority financing instruments

Environmental
transformation

upper tercile

upper tercile

Metallurgy, chemical industry

«Green» bonds, long-term loans of in-
ternational financial institutions, envi-
ronmental insurance, reserve funds

Gradual ecologiza-

Sustainability-linked loans, leasing, car-

- middle tercile middle tercile Energy, mechanical engineerin: N -

tion Y 9 9 bon financing, phased investment loans

Environmental im- - - . Own funds, microfinance, grant pro-
lower tercile lower tercile Food industry ! '€, g P

provement grammes, energy service contracts

Environmental any level ~ Enterprises with certified environmental | «Green» and sustainability-linked

leadership management and ESG disclosure bonds, equity of ESG investors

Given the usual pollution intensity of production, metallurgical and chemical enterprises are typically expected to fall into
the environmental transformation group, energy and mechanical engineering enterprises into gradual ecologization, and
food enterprises into environmental improvement; the actual assignment, however, depends on the values of the criteria
for a particular enterprise. The environmental leadership strategy is not tied to a particular level of load: it is the target
state toward which an enterprise moves as its load decreases, and it can be chosen by any enterprise that is ready to use
its environmental performance as a competitive advantage. As the environmental load declines, an enterprise moves along
the sequence transformation - gradual ecologization — improvement — leadership, and the range of financing instruments
available to it widens.

The implementation of these strategies covers four areas: financial resource management («green» budgeting, environ-
mentally oriented financial planning, optimization of the capital structure with regard to environmental risks); investment
activity (criteria for the environmental assessment of investment projects, formation of an environmental investment port-
folio, attraction of financing for environmental projects); risk management (identification and assessment of environmental
risks, measures to minimize them, their integration into the general risk management system); and information disclosure
(an environmental reporting system, integration of environmental indicators into financial reporting, communication with
investors and other stakeholders).

Combining the typical environmental profiles of industries with the typology of strategies makes it possible to formulate
sector-specific recommendations for implementing sustainable financing strategies:
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1.  For chemical and metallurgical enterprises (typically the environmental transformation strategy) — an environmental
insurance system and special reserve funds to cover environmental risks, an environmental control system, and
«green» bonds and long-term loans of international financial institutions to finance large-scale modernization; given
the sensitivity of WACC to financial leverage, short-term borrowing should not be used to finance environmental
projects.

2. For energy enterprises (typically gradual ecologization) — diversification of energy sources with an emphasis on
renewables, an energy management system, carbon financing mechanisms, and environmental certification of
products; financing should be phased and linked to emission reduction milestones, for example through sustainability-
linked loans.

3.  For mechanical engineering enterprises (typically gradual ecologization) — ecodesign of products, a product life cycle
management system, leasing for the introduction of environmentally clean technologies and an environmental audit
system; leasing allows modernization without a substantial increase in financial leverage.

4. For food industry enterprises (typically environmental improvement) — environmental certification and labelling of
products, closed production cycles, microfinancing of environmental projects and a waste management system; since
the environmental load of such enterprises is usually low, these measures can be financed mainly from own funds,
microfinance and grant programmes.

For all industries, investment projects should be screened with model (5), and the effect of the measures should be
monitored through the integral indicator (4) in the next cycle of the conceptual approach.

DISCUSSION

The negative relationship between emissions and return on assets assumed in model (6) is consistent with the meta-
analytic evidence of Busch and Lewandowski (2018) and with the findings of King and Lenox (2002) on profitable pollution
reduction, and it supports the argument of Porter and van der Linde (1995) that environmental improvement and compet-
itiveness are compatible. The emphasis on energy efficiency among the environmental parameters agrees with Fan et al.
(2017), who found a positive relationship between energy efficiency and return on assets.

The expected signs in the cost of capital model (7) follow from theoretical expectations that environmentally inefficient
enterprises face higher financing costs because of reputational risks, regulatory pressure, and limited access to capital.
They are in line with Sharfman and Fernando (2008) and Chava (2014), who documented a higher cost of equity and debt
for firms with weaker environmental profiles, and with the growing role of ESG criteria in capital allocation (Alda, 2021;
De Spiegeleer et al., 2023; Kapil & Rawal, 2023). Konar and Cohen (2001) showed that the market penalizes poor envi-
ronmental performance, which supports including environmental risk in the required return. Taken together, the literature
indicates that environmental load can be a significant determinant of both profitability and the cost of capital, and that it
should be considered when a financial strategy is formed under tightening ESG regulation.

The proposed approach differs from previous research in several respects. First, most empirical studies of the link between
environmental and financial performance use samples of listed companies in developed markets and market-based
measures such as firm value, stock returns or the implied cost of equity (Konar & Cohen, 2001; Chava, 2014; Busch &
Lewandowski, 2018). The proposed methodology relies on accounting indicators and environmental reporting, which
makes it applicable to enterprises in an emerging economy, such as Ukraine, that have no stock market valuation.

Second, previous studies analyse either profitability (King & Lenox, 2002; Fan et al., 2017) or the cost of capital (Sharfman
& Fernando, 2008; Chava, 2014) separately. The proposed framework specifies both indicators for the same enterprise-
year panel, which makes it possible to test whether pollution affects the financial position of an enterprise through two
channels at once: lower return on assets and a higher cost of capital. If confirmed, this dual effect would strengthen the
economic argument for environmental investment, because a reduction in emissions would simultaneously increase returns
and reduce the cost of financing.

Third, existing conceptual models integrate environmental impact into managerial accounting (Stanescu et al., 2021) or
relate financial ratios to ESG scores (D’Amato et al., 2021), but do not provide a tool for investment decisions. The integral
model (4) and the modified net present value model (5) proposed here fill this gap; the illustrative calculation shows that
ignoring environmental costs and risks can turn a seemingly profitable project into a value-destroying one.

Fourth, Ukrainian studies focus mainly on financial instruments and state regulation at the macro level (Pimonenko &
Lushyk, 2017; Chygryn et al., 2018; Labenko et al., 2024). This study moves the analysis to the level of the enterprise and
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links the choice of financing instruments to a quantitative assessment through explicit criteria for selecting a strategy
(Table 4).

Accordingly, the scientific novelty of the study consists in the following: the methodological approach to the economic
assessment of the impact of pollution on enterprises’ financial indicators has been improved by combining the integral
indicator, the environmentally adjusted net present value and regression models of return on assets and cost of capital
within a single framework; a panel specification of the models of return on assets and the weighted average cost of capital
has been proposed together with an operationalized environmental risk index and a procedure for estimation and diag-
nostics; and the typology of sustainable financing strategies has been further developed by introducing distribution-based
(tercile) criteria for selecting a strategy and linking each strategy to specific financing instruments.

The study has limitations. First, the article is methodological: the models are not estimated on empirical data, the numerical
examples are hypothetical, and the expected signs of the parameters are hypotheses that require empirical testing. Second,
when the methodology is applied, the results will depend on the sample: selection bias may arise if enterprises with
complete environmental reporting differ systematically from other enterprises, and the external validity of the strategy
thresholds is limited to the population from which they are derived. Third, the panel structure of the data requires enter-
prise and year effects; the period 2019 — 2023 contains strong common shocks - the COVID-19 pandemic, the energy
crisis, and the full-scale war — that affect emissions, profitability, leverage, and the cost of capital simultaneously, and
wartime reporting may be incomplete. Fourth, the relationships may be endogenous: profitable enterprises can afford
more abatement, and financing conditions can influence emissions, so a causal interpretation requires lagged variables,
instrumental variables, or quasi-experimental designs. Fifth, multicollinearity is possible between emissions, the environ-
mental risk index, and enterprise size. Sixth, the cost of equity of non-listed enterprises is not observable, so WACC is
measured with uncertainty. Finally, the weights of the integral indicator and of the environmental risk index involve a
degree of subjectivity, and the sensitivity of the results to them should be tested.

CONCLUSIONS

The study achieved its aim of developing a methodology for the economic assessment of the impact of environmental
pollution on enterprises’ financial indicators. The conclusions correspond to the objectives set:

1. Anintegral model was formalized that combines the environmental parameters, financial indicators, and sustainable
development indicators of an enterprise into a single indicator of the impact of pollution on its financial condition.
The model makes it possible to compare enterprises with different environmental profiles and to monitor their
financial vulnerability to environmental factors.

2. Second, the net present value model was modified by deducting environmental costs from cash flows and adding an
environmental risk premium to the discount rate; to avoid double counting, expected environmental costs are included
in cash flows, and only the residual systematic risk is included in the discount rate. The illustrative calculation showed
that ignoring these factors can overstate the value of an investment project by UAH 10.49 million and turn a seemingly
profitable project into a value-destroying one; therefore, the modified model should be used as a criterion for selecting
investment projects.

3. Third, econometric models of return on assets and the weighted average cost of capital with environmental variables
were specified for enterprise-year panel data; the environmental risk index was operationalized, and a procedure for
their estimation was proposed, including enterprise and year effects, cluster-robust standard errors, and diagnostic
tests. The expected signs of the parameters — negative for emissions in the profitability model and positive for
emissions and environmental risk in the cost of capital model — are hypotheses for empirical testing.

4. A conceptual approach to forming sustainable financing strategies was developed as a closed cycle of diagnostic,
strategic, investment, financial-managerial and communication components, and a typology of four strategies -
environmental transformation, gradual ecologization, environmental improvement and environmental leadership -
was proposed together with criteria for their selection based on the terciles of the environmental load coefficient and
of the expected ROA loss.

5. Sector-specific recommendations were formulated: environmental insurance, reserve funds and «green» bonds for
chemical and metallurgical enterprises; renewable energy, energy management and carbon financing for energy
enterprises; ecodesign, product life cycle management and leasing for mechanical engineering; and certification,
closed production cycles and microfinancing for the food industry.
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Future research should test the proposed models empirically on panel data of enterprises, extend the regression models
with energy consumption, waste volumes and industry effects, broaden the tools for assessing the impact of ESG factors
on enterprises’ financial strategies, and develop industry-specific methodologies for such assessment.
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EKOHOMIYHA OLIIHKA BMJIUBY 3ABPYAHEHHA HA ®OPMYBAHHSI CTPATEIINA CTAJIOrO
®IHAHCYBAHHA NIANPUEMCTB

Mepexia oo cTanoro po3BUTKY BUMarae Big NiaANpUEMCTB ypaxyBaHHS! (PiHAHCOBUX HaCNiaKiB 3abpyAHEHHS AOBKINNS, NnpoTe
HaAiHUX IHCTPYMEHTIB 1X KiNbKICHOro OL|iHIOBaHHS Aoci 6pakye. MeToo A0CNiAKEHHS € po3pobneHHs METOAUYHOMO NiA-
X04y A0 eKOHOMIYHOI OLUiHKM BrvBY 3abpyaHeHHs AOBKiNAS Ha (iHAHCOBI MOKa3HMKW NIANPUEMCTB i O6I'PYHTYBaHHSA Ha
Liii OCHOBI CTpaTeriii cTanoro diHaHcyBaHHs. Miaxig NOEAHYE iHTerpasibHWM NOKa3HWK BNNBY 3abpyAHEHHS HA (iHaHCOBMI
CTaH MignpuEMCTBA; MOAENb YNCTOI MPUBEAEHOI BAPTOCTi, CKOPUrOBaHY Ha EKOJIOriYHI BUTPATX 1 NPEMIt0 38 €KOMOTiYHUIA
pu3UK; perpeciiiti Moaeni peHTabenbHocTi akTeiB (ROA) Ta cepeaHbo3BaxeHoi BapTocTi kanitany (WACC), Wwo MicTsTb
€KOJOriyHi 3MiHHI; @ TakoX iHAEKC eKOSIOMYHOIo pU3nKy Ta KoedilieEHT eKONOriYHOro HaBaHTaXXeHHS 3 YiTKMMX NpasuiaMm
po3paxyHKy. CTaTTsi Ma€ METOAMYHUIA XapaKTep: MoAeni cneundikoBaHo AJisl 3aCTOCYBaHHS A0 MaHENbHUX AaHWX Mianpu-
€MCTB, 3anporoHOBAHO Mpoueaypy iX OUiHIOBAHHA Ta AiarHOCTMKK, @ 3aCTOCYBaHHS NPOAEMOHCTPOBAHO Ha YMOBHUX iMto-
CTPaTUBHMX NPUKIaAaX, @ He Ha eMMIPUYHKX OLLiHKaX. INoCTpaTBHMIA pO3paxyHOK NMOKAa3ye, L0 iTHOPYBAHHS €KOJOTiYHNX
BUTPAT i pU3VKIB MOXXE NEPETBOPUTY MPOEKT i3 A0AATHOI YMCTOIO MPYBEAEHOIO BAPTICTIO HAa TakuM, IO 3HULLYE BapTiCTb.
Ha uiii ocHOBI 3aNpOMNOHOBAHO KOHLENTYaNbHUI Niaxia A0 (popMyBaHHS cTpaTeriii cTanoro ciHaHCyBaHHS, O OXOMJIOE
[iarHOCTUYHY, cTpaTeriyHy, iHBECTULIVHY, hiHAHCOBO-YNpPaBRiHCbKY Ta KOMYHIKaL|ifHy CKNafoBi, @ TakoxX TMMOJIOrito 3 Yo-
TUPbOX CTPATErii: ekonoriyHoi TpaHcdopMaLlii, MOCTYNoBOi ekonorisallii, eKoNoriYHOro BAOCKOHAMEHHS! Ta eKOJOriYHOro
nipepcTea 3 KpuUTepisMn BU60OPY MK HAMM Ha OCHOBI TepumniB po3noginy. ChopMynboBaHO ranysesi pekoMeHaauii Woao
iHCTpyMeHTiB diHaHCyBaHHSA. OTpyUMaHi pe3ynbTaT CTBOPIOIOTb METOAMYHY OCHOBY ANS iHTerpauii eKkonoriyHMx napameT-
piB y iHaHCOBI cTpaTerii NiANPUEMCTB i OLiHIOBaHHS IHBECTULINHMX NPOEKTIB.

KniouoBi cnoBa: 3abpyaHeHHs [OBKiNns, crane diHaHCyBaHHs, iHaHCOBa cCTpaTerisi, peHTabenbHICTb akTuBIB,
cepeaHbO3BAXEHa BapTICTb KaniTany, eKoMoriYHuiA pusuK, YMcTa npuseaeHa BapTicTb, ESG, 3eneHi diHaHcK, nianpuemc-

TBO
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