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Abstract

Driven by the climate crisis and the EU Green Deal, the global green transition is redefining investment appraisal
criteria for SMEs, shifting the focus from traditional net present value to the integration of environmental, social, and
governance factors. The aim of this study is to identify changes in the investment appraisal criteria for small and medium-
sized enterprises resulting from the green transition. Using a modified Net Present Value analysis incorporating the Green
Transformation Index (constructed using the Criteria Importance Through Intercriteria Correlation and Technique for
Order Preference by Similarity to Ideal Solution methods). The study confirms the cost-effectiveness of investments in
sustainability, especially over the longer time horizon, where the green transformation index often reinforces positive net
present value results, signaling lower risk. The implication is that SMEs should proactively implement green solutions to
build competitive advantage, reduce costs, and improve reputation for long-term sustainability and growth.

Introduction

Global awareness of the climate crisis and dwindling nat-
ural resources is accelerating the green transition. The Eu-
ropean Union, through the Green Deal, aims to achieve cli-
mate neutrality by 2050 by reducing emissions and develop-
ing renewable energy sources (RES), which, according to
Tang [2024], is both an ethical and economic imperative.
Green finance plays a key role here, integrating ESG (envi-
ronmental, social, and governance) factors into financial de-
cisions to promote sustainability. Tools such as green bonds
and loans support this process, while increased transpar-
ency of environmental information drives innovation and
investment, with the aim of building a sustainable and inclu-
sive economy.Natural resource consumption and the digital
economy play an increasingly important role in supporting
green industrial transformation. As Ran, Yang, Yan, Xu, and
Cao [2023] point out, digital economy policies contribute
significantly to this transformation through three main
mechanisms: raising public environmental awareness, fos-
tering green innovation, and developing the information in-
dustry. This effect, according to a study by Yang, Hunjry,
Grebinevych, Roubaud and Zhao [2025], depends on several
factors: it is stronger in non-resource-based cities, in cities
with a recent industrial base, in large agglomerations com-
pared to small and medium-sized cities, and in eastern re-
gions.

Climate management activities are key to promoting en-
ergy transition. As Fan, Shira, Hunjra, and Zhao [2025]
point out, the green transformation of energy-intensive en-
terprises significantly accelerates after the implementation
of pilot programs to build climate-adaptive cities. Mecha-
nism analysis shows that climate governance fosters this
transformation by reducing financial constraints, mitigating
supply chain risks and strengthening resilience. Moreover,
these measures have a stronger impact on the green trans-
formation of energy-intensive enterprises located in cities
that do not use natural resources or in cities with a recent
industrial base, where lower energy intensity is observed.

The green transformation is redefining the criteria for
evaluating investments in the SME sector, going beyond tra-
ditional financial metrics; now the success of investments,
as Purwanti [2023, pp. 797—810] highlights, is defined by
ESG (environmental, social, and governance) factors that
promote sustainability and minimise negative environmen-
tal impacts. Investors and financial institutions are increas-
ingly driven by these criteria, and SMEs implementing green
solutions gain access to preferential financing and a positive
image, while increasing regulatory requirements (e.g. EU
taxonomy, CSRD) and pressure from consumers and supply
chains are forcing compliance with sustainability standards,
making it increasingly costly to ignore these aspects.

The green transition is changing the criteria for evaluat-
ing investments in all sectors, and banks are adapting their
services to meet new regulations and sustainability goals. In
the real sector, as Li and Khan [2025] point out, regulation
and growing opportunities for green finance are key to suc-
cess, and companies are integrating green business strate-
gies to improve financial performance and attract invest-
ment, with organizational efficiency playing a mediating
role. A comprehensive framework is being used to evaluate
green investments, taking into account both environmental
impact and financial performance, using traditional tools
such as NPV and IRR, which, as Mackevi¢ius and Tomasevi¢
[2010, p. 116—130] point out, allow the efficiency and attrac-
tiveness of an investment project to be objectively deter-
mined. These developments reflect a growing emphasis on
sustainability and environmental responsibility, driven by
regulation, market demands and the long-term benefits of a
green transition.

The green economy is changing investment appraisal
methods, forcing consideration of sustainability, which in-
cludes both current resource use and future profitability.
This approach, as highlighted by Yu, He, Amanguli, Zhang,
and Zhou [2024], is leading to innovations in evaluation sys-
tems, such as the use of cloud computing and information
fusion to analyze green investment data, optimizing indus-
trial structures. Additionally, the green economy requires
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the creation of comprehensive evaluation index systems, in-
cluding indicators of low-carbon production, consumption,
resources, environment, and development potential, and the
entropy method is used to determine their weights, facilitat-
ing the calculation of a comprehensive index for green in-
vestment and the low-carbon economy. Moreover, as Ko,
Liu, and Liu [2023] note, the green economy encourages the
application of dynamic strategic models, such as the real op-
tions approach, to optimal pricing and investment strategies
in green brands. Mahadi Hasan Miraz and Tiffany Sing Mei
Soo [2024, pp. 1613-1628] emphasise that key to assessing
the efficiency and impact of green investment ventures are
technological advances, the country of investment and gov-
ernment policies that catalyse sustainability goals and con-
tribute to the restructuring and recovery of the green econ-
omy.

The green transition is changing the criteria for assessing
investment in SMEs, going beyond traditional profitability
and including ESG factors. SMEs, despite their key role in
achieving climate goals, face challenges such as limited re-
sources and difficulties in accessing finance for green inno-
vation. A redefinition of Net Present Value (NPV) is needed
to take into account the tangible and intangible benefits of
sustainability. Government support, such as subsidies or
pollution charges, can significantly stimulate green invest-
ment. As Wang, Pengwu [2021] points out, the green econ-
omy, by promoting sustainability and focusing on green in-
dustries, influences the evaluation and targeting of invest-
ment risks, which is key to optimising industrial structures
and achieving sustainable growth.

Green transformation is a strategic priority for SMEs that
can improve their efficiency and investment attractiveness.
However, these companies, especially in Eastern Europe,
face significant financial barriers, such as insufficient inter-
nal financing, negative leverage, and gaps in resources and
expertise. Public support through green financial incentives
and better access to external finance is key. As highlighted
by Li, X.; Khan, I.U. [2025], companies need to invest in
green business strategies (GBS) to increase investor confi-
dence and raise funds while maximizing their value. Imen
Bouchmel, Zied Ftiti, Waél Louhich, and Abdelwahed Omri
[2024] confirm that SMEs in Eastern Europe face financial
constraints that make it difficult for them to reduce their en-
vironmental footprint.

The aim of the study is to identify changes in the criteria
for assessing investment in SMEs resulting from the green
transition and to analyze their impact on the availability and
conditions of finance. The following research questions will
be addressed: What are the differences in NPV results for
projects with different time horizons (5 years and 10 years)
using a nominal discount rate, and how do these differences
change when a “green transformation index” is included in
the discount rate? How does the use of a real rate of return
that takes inflation into account affect the NPV calculation
for investment projects of different durations (5-year and
10-year), and what changes in the results when a “green
transformation index” is included in addition to the real rate
of return? How does the “green transformation index,” in-
troduced into both the nominal and real discount rate, affect

the overall attractiveness and profitability (measured by
NPV) of long-term investment projects compared to short-
term ones, given the initial outlay and the volatility of cash
flows?

The article adds new value to the discussion on green
transformation by focusing on the SME perspective. It high-
lights that traditional methods of evaluating investments,
such as NPV, are inadequate because they do not take into
account the non-financial benefits and costs associated with
green and social activities. Investment in sustainability,
while it may initially reduce NPV, brings significant reputa-
tional benefits to SMEs, reduced regulatory risk and access
to green funds, which translates into their long-term value
and resilience.

Literature review

Green transformation is not only a necessity but also a
strategic opportunity for Small and Medium-sized Enter-
prises (SMEs). It requires investment in renewable energy
sources, energy efficiency, and green materials, which is be-
coming a new key criterion for evaluating investment pro-
jects. SMEs also need to revise their business models, adopt-
ing the principles of the circular economy and optimizing
supply chains to increase resilience to climate risks. Cultur-
ally, this transformation promotes responsible and ethical
management, which has a positive impact on company rep-
utation and access to capital. A holistic approach aims to in-
tegrate SME growth with planetary protection, transforming
short-term profit into a long-term strategy of competitive-
ness, innovation and risk reduction. This requires a holistic
assessment of ventures, taking into account the economic,
environmental and social dimensions, which is key to sus-
tainable development.

Green transformation is a comprehensive shift of econo-
mies and societies towards sustainable development, driven
by the urgent need to protect the environment, as noted by
Tasel, Bayarcelik [2023, pp. 152-159]. The process seeks to
reconcile economic development [Przybytniowski, 2016, pp.
278] with environmental sustainability, promoting a green
economy in which production and consumption are con-
sistent with the principles of environmental responsibility,
resource efficiency and social justice. Key elements include
minimising carbon emissions and ecological footprints in
sectors such as energy, transport, agriculture and urban
planning, by promoting renewable energy sources, imple-
menting closed-loop economy practices and clean technolo-
gies. As highlighted by Cheba, Bak, Szopik-Depczyniska, Iop-
polo [2022], the green transition is a fundamental shift in
the approach to sustainability, offering significant opportu-
nities for new technologies, environmental policies and job
creation. Kozar, Sulich [2023] point out that it is a compre-
hensive transition integrating economic growth with envi-
ronmental and social progress, although it comes with chal-
lenges such as financial constraints.

Traditional investment evaluation methods, such as
NPV, IRR, ROI, and payback period, form the basis of prof-
itability analysis, focusing on profit maximization. However,
as Drozdowski and Dziekanski [2022a, p. 66] point out, in
the face of the green transition, financial measures should
be supplemented with non-financial indicators reflecting
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the project's impact on the environment and society. Com-
panies that ignore these aspects risk losing their reputation,
incurring increasing regulatory costs, and facing difficulties
in raising capital from ESG-driven investors. Irani and Love
[2002, p. 74—82] emphasize that traditional methods have
limitations in evaluating investments in information sys-
tems, as they do not fully take into account intangible bene-
fits. Therefore, as Lefley [1996, p. 207-224] adds, more com-
prehensive approaches are necessary. The key limitation of
traditional methods is their exclusive focus on the economic
dimension, ignoring non-financial factors: environmental,
social, and corporate governance (ESG), which are equally
important to investors.

Net Present Value (NPV) is a fundamental method for as-
sessing the profitability of investment projects, taking into
account the time value of money. It involves discounting fu-
ture cash flows to their present value and subtracting the in-
itial investment cost. A positive NPV means that the project
is profitable. Despite its popularity, NPV does not take into
account non-financial aspects, such as the impact on the en-
vironment or society, and is sensitive to the discount rate
used. Drozdowski and Dziekanski [2022a, p. 66] and Do-
browolski and Drozdowski [2022, p. 353] emphasize that
NPV, understood as the difference between the present val-
ues of cash inflows and outflows, is widely presented in the
literature in the context of capital budgeting and investment
planning.

The assessment of economic ventures is becoming more
complex, requiring knowledge of climate and decarboniza-
tion risks and the use of advanced tools such as life cycle
analysis and scenario analysis. SMEs, although faced with a
lack of resources, knowledge [Przybytniowski, 2024, pp. 2-
17], and complex ESG regulations, can use their flexibility
and close relationships with their environment to adapt to
the changing needs of customers and local communities (so-
cial aspects). Corporate governance is key to building trust.
Giirleviik [2024] and Kurtanovi¢ and Kadusi¢ [2024] point
out that despite limitations, adopting ESG practices can
benefit SMEs by increasing operational efficiency, market
reputation and access to capital, and the European Union is
pushing for ESG regulations to promote sustainable devel-
opment.

A proactive approach to green transformation is a key
strategy for SMEs. It allows them to build a competitive ad-
vantage, support innovation, reduce operating costs (energy
efficiency, resource management) and strengthen their rep-
utation, which translates into long-term stability and
growth. Despite initial financial and knowledge barriers,
proactive implementation of a green transition strategy re-
sults in long-term competitive advantage and increased re-
silience to regulatory and market risks (H1). SME invest-
ments in sustainable development, despite a potential initial
reduction in NPV, will bring significant non-financial bene-
fits (improved image, reduced regulatory risk, easier access
to ‘green’ funds, increased customer and employee loyalty),
which in the long term will contribute to the growth of the
company's value and its resilience to changing market con-
ditions (H2).

Research methods

Net Present Value (NPV) analysis is a key financial tool
for evaluating long-term investment projects, taking into ac-
count the time value of money by discounting future cash
flows to their present value, making it a representative
method for assessing the feasibility and optimisation of in-
vestments, as indicated by Stoiljkovic [2010, pp. 17-21]. Alt-
hough NPV focuses on financial aspects, the contemporary
approach requires extending the analysis to include environ-
mental benefits and costs, which are key to building long-
term project value. NPV sensitivity analysis, according to
Chen [2025, p. 186-194], improves decision-making by tak-
ing into account the uncertainty of key variables, which
helps investors manage risk and make informed decisions in
an uncertain investment environment.
= Determine the initial investment, taking into account
green infrastructure. Precisely identify all initial financial
outlays (t=0) necessary to launch the project, including the
costs of traditional assets and expenditures on green infra-
structure (e.g., green roofs, water retention, plantings, eco-
logical certifications).
= Forecast future cash flows, taking into account Green In-
frastructure. Estimate all future cash inflows and outflows
throughout the project's lifetime. In addition to traditional
cash flows, take into account those specific to green infra-
structure.
= Determining an appropriate discount rate that takes into
account the green transition. Select a discount rate that re-
flects the cost of capital as well as the risks and opportunities
associated with ESG factors. Projects with a strong green in-
frastructure component may potentially be associated with
a lower discount rate.
= Discount future cash flows. Discount each projected future
cash flow to its present value using the standard formula:

(14t
PV—r (1),

where: PV = Present value; CFt = Cash flow in period t; r
= Discount rate (taking into account ESG risk); t = Period
number (e.g., year).

Calculation of Net Present Value (NPV). The components
of the NPV formula have been enriched with aspects result-
ing from the green transition, which can be treated as a syn-
thetic measure of all pro-environmental and social activities
affecting future cash flows and project risk..

CF;
L (Q+rsz)t

NPV=X7_ ),

where: CFt - Net cash flow in period t, taking into account
the impact of the green transition (financial benefits/costs,
including those from green infrastructure); r - Discount rate,
which should also reflect ESG risks and opportunities; zt —
Regional/local green transition index (GT) for SMEs, affect-
ing NPV by increasing cash flows (lower costs, higher reve-
nues) and reducing the discount rate (lower risk, easier ac-
cess to financing); t - Period number (e.g., year); n = Project
lifetime.

To construct a synthetic green transition index (GT) that
accurately reflects progress in a given region (municipality,
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province, country), advanced multi-criteria analysis meth-
ods can be used, such as combining the CRITIC method (Cri-
teria Importance Through Intercriteria Correlation) with
the TOPSIS method (Technique for Order Preference by
Similarity to Ideal Solution) method. This synergy allows for
the objective determination of weights for individual criteria
and then ranks units in terms of their ‘greenness’.

The definition and collection of data for green transfor-
mation criteria involves precisely defining a set of ESG (En-
vironmental, Social, Governance) indicators and collecting
reliable numerical data for these criteria from the analysed
territorial units in order to create a decision matrix.

Data normalisation (zero-based unitarisation). Normali-
sation of the collected criteria is necessary to convert various
units of measurement into comparable, dimensionless val-
ues (usually from o to 1), whereby it is crucial to distinguish
whether a given criterion is a stimulant or a destimulant. For
stimulants:

___ Xij-min (¥ij)
™ min (Xij)- min (¥ij) @)

for destimulants

T @
ij)— min (¥ij)

where: xij is the value of the i-th unit for the j-th criterion,
max(xij) is the maximum value of the j-th criterion, min(xij)
is the minimum value of the j-th criterion, nij is the normal-
ised value.

Data normalization is a key process in multidimensional
analysis, enabling the comparison of results on different
scales, as emphasized by Jatowiecki, Ortowski, Wozniakow-
ski, and Zmarzlowski [2009, p. 123—136]. There are various
normalization methods, including zero unitarization, stand-
ardization, and quotient transformations. Kukula [2000, p.
5—17] points to the universality and ease of application of the
zero unitarization method, especially in the normalization of
stimulants and destimulants. Although studies such as those
conducted by Wieczorek and Frejtag-Mika [2021, pp. 74-89]
in the context of higher education in Poland did not show
significant differences between the methods, Ozga's [2018,
pp. 251—262] study on the use of ICT in EU enterprises
proved that the choice of normalization formula can affect
the results of linear ordering. In particular, the ratio trans-
formation using the maximum value as the base produced
the most consistent rankings, highlighting the importance of
careful selection of the normalisation method for the relia-
bility of comparative analyses.

Determining the weights of criteria using the CRITIC
method. The CRITIC method objectively determines the
weights for each criterion based on its variability (standard
deviation) and the uniqueness of the information (inverse
correlation with other criteria), ensuring that those provid-
ing more unique data have a greater impact on the final re-
sult. The weights Wj for each criterion j are calculated as fol-
lows:

Gj:\/izﬁl(nij —;)? ©),

Rj=Xt=1(1 = 11)
C_]:O'JR]

C .
Wi
J Z;(l:]_ Ck

where: gj is the standard deviation for the jth criterion, n-
is the normalised mean value for the jth criterion, rjk is the
correlation coefficient between criterion j and criterion k, Rj
is the sum of the distance coefficients (1 minus correlation)
between the jth criterion and all other criteria. Cj is the
measure of information content for the j-th criterion, wj is
the weight of the j-th criterion, m is the number of units
(rows), and n is the number of criteria (columns).

The CRITIC (CRiteria Importance Through Intercrite-
riaCorrelation) method, developed by Alinezhad and Khalili
(2019), is an objective approach to determining criterion
weights in multi-criteria decision making. As Maruf and
Ozdemir [2024, pp. 1108-1117] point out, CRITIC has been
applied in many fields, including the ranking of tourist web-
sites, contributing to more accurate and reliable decision-
making.

The concept is based on calculating the distance of an ob-
ject from:

a reference object

2
di = \/%err=11(2*ij - Z,+) , (),

anti-pattern object;
_ 1 32
di = \/;Zjnzll(z*ij - Z )" ),

where: n- denotes the number of variables forming the
pattern or anti-pattern, zij— denotes the normalised value of
the jth variable of the ith object multiplied by the appropri-
ate weighting coefficient, z]-+ / z; -— denotes the pattern or
anti-pattern object.

Determining the value of a synthetic measure is a key
step in many multidimensional analyses, allowing for the
aggregation of many diverse indicators into a single, homo-
geneous value. This process enables the comparison and
ranking of complex objects (e.g. companies, regions, pro-
jects) based on their multidimensional characteristics,
transforming difficult-to-interpret data sets into an accessi-
ble and useful decision-making tool. The synthetic measure
is determined according to the formula:

d; . ,
di_;d;r,gdzw 0<q;<1,i=1,2,....,n;

©),

where: q_i€ [0; 1]; d; - denotes the distance of the object
from the anti-pattern (from 0), df denotes the distance of
the object from the pattern (from 1) [Roszkowska, Filip-
owicz-Chomko, 2020, pp. 1219-1241; Acuiia-Soto, Liern, p.,
p- 541—569; Perez-Gladish, 2021; Roszkowska, Wachowicz,
2015, pp.- 920—932; Poplawski, Grzelak, Dziekanski, 2025,
p- 886].

The Technique for Order Preference by Similarity to
Ideal Solution (TOPSIS) is a multi-criteria decision-making
method that evaluates alternatives based on their proximity
to ideal and anti-ideal solutions, as described by Uzun,
Taiwo, Syidanova, Uzun Ozsahin (2021). TOPSIS, applicable

qi =
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to numerical data sets with known criterion weights, has
been successfully implemented in many industries, such as
the automotive, mobile, IT, manufacturing, and biological
industries. Its simplicity and versatility, highlighted by Pa-
pathanasiou, and Ploskas [2018], have contributed to its
widespread use in decision-making processes in various sec-
tors.

When making investment decisions in the context of
green transition, NPV is only part of a broader, holistic as-
sessment. When NPV is positive, the project is financially vi-
able, and green infrastructure further enhances its strategic
and reputational value. If NPV is negative, the project is fi-
nancially unviable, but significant ESG benefits (e.g., regu-
latory compliance, improved image, climate resilience) may
justify lower profitability. When the NPV is zero, ESG fac-
tors, including green infrastructure, may tip the balance in
favor of implementation, even without generating excessive
financial returns. Contemporary NPV analysis in SMEs
therefore requires not only precise financial calculations but
also conscious consideration of the impact of green infra-
structure investments on cash flows, risk (discount rate),
and intangible strategic and social benefits.

Results

The presented analysis concerns the calculation of the
Net Present Value (NPV) for a certain investment project,
which is characterized by an initial investment outlay of -
500,000.00 units in period zero. The project is expected to
last five years (n=5), generating positive cash flows ranging
from 100,000.00 t0 200,000.00 units per year. A key ele-
ment of this analysis is the variable nominal discount rate
(r), which ranges from 3.00% to 6.00% depending on the
period, reflecting the variable cost of capital or risk level in
individual years. Each future cash flow has been converted
into discounted cash flows using an appropriate discount
factor reflecting the time value of money. By summing these
discounted cash flows and subtracting the initial invest-
ment, a positive NPV of 74,554.32 units was obtained (Table
1). This result indicates that the project is financially viable,
exceeding the required rate of return and creating value for
the investor. The investment project (Table 2) with an initial
outlay of -500,000 units generates varied annual cash flows
(100,000 to 200,000). The project is expected to last 10
years. The variable nominal discount rate (3-6%) reflects the
dynamic cost of capital. Despite this volatility, the project
achieves a very high NPV of 573,566.24 units, which demon-
strates its exceptional financial viability in the long term and
generates significant added value for the inwestor.

Tabela 1. Calculation of Net Present Value (NPV) for
a 5-year Investment Project with a Variable Nomi-
nal Discount Rate

r(dis- | dis- | IS
. n (pe- Cash counte
si1ze . count count
riod) flow d cash
rate) factor 1
owWs
Initial
invest- -500 -500
ment 0 000.00 | 4.00% 1.0000 000.00

flow 1 100
1 000.00 5.00% 0.9524 05 238.10
200 177
flow 2 2 000.00 6.00% 0.8900 0999.29
150 129
flow 3 3 000.00 5.00% 0.8638 575.64
flow 4 100
4 000.00 4.00% 0.8548 85480.42
flow 5 100
5 000.00 3.00% 0.8626 86260.88
NPV= 74 554-32

Source: DOI: https://doi.org/10.32843/infrastruct66-7.

Table 2. Net Present Value (NPV) calculation for a
10-year investment project with a variable nominal
discount rate

. . dis-
. n (pe- Cash | T (dis- dis- counte
size . count count
riod) flow d cash
rate) factor flows
Initial 0 -500 4.00% 1.0000 -500
invest- 000.00 000.00
ment
1 100 4.00% 0.9615 96
flow 1 000.00 153.85
2 200 5.00% 0.9070 181
flow 2 000.00 405.90
q 3 150 6.00% 0.8396 125
ow 3 000.00 042.89
4 100 5.00% 0.8227 82
flow 4 000.00 270.25
q 5 100 4.00% 0.8219 82192.71
ow 5 000.00
q 6 150 3.00% 0.8375 125
ow 6 000.00 622.64
7 100 3.00% 0.8131 81
flow 7 000.00 309.15
q 8 200 4.00% 0.7307 146
ow 8 000.00 138.04
9 150 5.00% 0.6446 96
flow 9 000.00 601.34
10 100 6.00% 0.5584 55
flow 10 000.00 839.48
NPV= 573
566.24

Source: DOLI: https://doi.org/10.32843/infrastruct66-7.

The NPV analysis for the project, taking into account the
green transition index in the discount rate, indicates its prof-
itability. For a 5-year project (Table 3), with an initial invest-
ment of PLN 500,000 and positive cash flows (PLN 100,000
- 200,000 per year), the NPV obtained was PLN 105,807.36.
For a longer, 10-year project (Table 4), with an identical in-
itial investment and similar cash flows, the NPV amounted
to 666,722.39 units. In both scenarios, the variable discount
rate, adjusted by the GT index, reflects the impact of envi-
ronmental factors on the cost of capital. The positive NPV
values in both cases confirm the financial viability of the pro-
jects and their investment attractiveness, even when taking
into account the aspects of the green transition.
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Table 3. Net Present Value (NPV) calculation for a
5-year Investment Project with a Variable Nominal
Discount Rate Adjusted by the Green Transition In-
dex

100

000.00 0.6366 | 63657.98

666 722.39

flow 10 10 4.62%

Source: own study.

r (dis-
count The NPV analysis for a five-year project (Table 5), with
t;‘i‘(ti‘;) an initial outlay of -500,000 units, is notable for its use of a
into a«g:- ) dis- real rate of return, which is initially negative (-1.83% to -
. n(pe- | Cash | count dis- counte 1.80%) and then positive. Nevertheless, the project gener-
size riod) flow | thein- | €U | §cash ates positive cash flows (100,000 to 200,000), which trans-
dex of | factor | goils lates into a high NPV of 151,364.86 units, demonstrating its
real significant profitability. Similarly, the ten-year project (Ta-
trans- ble 6), with the same initial investment and similar cash
fo{" flows, also with initial negative real rates of return, achieves
_ mation a very high NPV of 711,707.91 units. This result clearly indi-
Inltlal . . . . e . .
ivest- 500 500 cates the exceptional financial profitability of the project in
ment 0 000.00 0.88% 1.0000 000.00 t}}e lqng t.e o, ever} Wlth atypical rea.l ra.t c of return behavior,
100 highlighting its ability to generate significant added value.
flow 1 o
1 000.00 1.65% 0.9838 08 376.78 .
a 200 189 Table 5. Net Present Value (NPV) calculation for a
ow2 2 000.00 | 2.64% 0.9492 843.93 5-year Investment Project with a Variable Real Rate
150 138 of Return (taking inflation into account)
flow 3
3 000.00 2.75% 0.9218 275.67 Dis-
flow 100 Real Dis- counte
4 4 000.00 2.64% 0.9010 90 101.79 n (pe- Cash rate of | count | dcash
a 100 size riod) flow return | factor flows
ow'5 5 000.00 2.31% 0.8921 89200.19 Initial 0 -500 0.95% 1.0000 -500
105 invest- 000.00 000.00
= 807.36 ment
Source: own study. flow 1 1 100 -1.83% 1.0187 101
000.00 869.16
Table 4. Net Present Value (NPV) calculation for a | fowo | 2 200 182% | 10374 | 207
10-year Investment Project with a Variable Nominal 000.00 . 47599
Discount Rate Adjusted for the Green Transition In- flowsg |3 ;%% 00 “180% | 10561 15(’)8 .
dex 100. 0.92% 0.9641 469'3
r (discount flow 4 4 000.00 e 9 912 >
te) tak- . - 412.9
n ilt;a int S dis- dis- flow 5 100 2.78% 0.8720 87197.47
. (pe | Cash § 1o ac S counted 5 000.00
size . count the | count
rio | flow A cash NPV= 151
index of | factor
d) real trans- flows 364.86
formation Source: DOLI: https://doi.org/10.32843/infrastruct66-7.
Initial in- -500 -500 .
vestment |o 000.00 | 0.88% 10000 | 000.00 Table 6. Net Present Value (NPV) calculation for a
100 10-year Investment Project with a Variable Real
flow 1 1 000.00 | 0.88% 0.9913 | 99127.68 Rate of Return (taking inflation into account)
200 Dis-
flow 2 2 000.00 | 1.65% 0.9678 |193559.83 Real Dis- counte
150 n (pe- Cash | rateof | count | dcash
flow 3 3 000.00 | 2.64% 0.9248 | 138 720.72 size riod) flow return | factor | flows
100 Ini- 0 -500 0.95 1.00 -500
flow 4 4 | 000.00 | 2.75% 0.8972 | 89716.57 tial in- 000.00 % 00 000.00
100 vest-
flow 5 5 000.00 | 2.64% 0.8778 | 87784.29 ment
150 flow 1 100 - 1.01 101
fl . .31% . . :
ow 6 6 R 08719 113079247 1 00000 | 1.83% 87 869.16
flow 7 7 1 000.00 | 2.64% 0.8333 | 8332657 flow 2 200 - 1.03 207
200 2 000.00 1.82% 74 475.99
flow 8 8 000.00 | 2.20% 0.8402 | 168 043.93 flow 3 150 - 1.05 158
150 3 000.00 1.80% 61 409.31
flow 9 9 000.00 | 3.30% 0.7466 | 111 992.35
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flow 4 100 0.92 0.96 96
4 000.00 % 41 412.92
flow 5 100 2.78 0.87 87
5 000.00 % 20 19747
flow 6 150 2.80 0.84 127
6 000.00 % 71 068.47
flow 7 100 2.83 0.82 82
7 000.00 % 25 253.72
flow 8 200 2.86 0.79 159
8 000.00 % 82 644.64
flow 9 150 2.88 0.77 116
9 000.00 % 42 128.10
flow 10 100 2.88 0.75 75
10 000.00 % 25 248.11
NPV 711

70791

Source: DOI: https://doi.org/10.32843/infrastruct66-7.

The NPV analysis for a five-year project (Table 7), with
an initial outlay of -500,000 units, uses a dynamically in-
creasing real rate of return (from 0.63% to 4.40%), which
takes into account both inflation and the green transition in-
dex (GT). Despite declining discount rates, the project gen-
erates positive cash flows (100,000 - 200,000 units), result-
ing in a positive NPV, confirming its profitability even in the
face of inflation and rising GT costs. Similarly, in the case of
a ten-year project (Table 8), with the same initial investment
and a variable real rate of return taking into account GT, the
very high NPV of 698,386.08 units obtained demonstrates
exceptional financial viability in the long term, highlighting
the project's ability to generate added value in a dynamic
macroeconomic environment and in the context of the green
transition.

Table 7. Net Present Value (NPV) calculation for a
5-year Investment Project with a Variable Real Rate
of Return using the Green Transition Index

Real
rate of
return dis-
with dis- counte
n (pe- Cash index count | dcash
size riod) flow zt factor flows
Initial 0 -500 0.21% 1.0000 -500
invest- 000.00 000.00
ment
0,
flow 1 1 100 0.63% 0.9938 99
000.00 37535
flow 2 2 200 1.26% 0.9753 195
000.00 064.69
0O,
flow 3 3 150 2.10% 0.9397 140
000.00 953.15
4 100 3.14% 0.8836 88
flow 4 000.00 357.49
0O,
flow 5 5 100 4.40% 0.8063 8o
000.00 630.16
= 104
380.84

Source: own study.

Table 8. Net Present Value (NPV) calculation for a
10-year Investment Project with a Variable Real
Rate of Return using the Green Transition Index

Real
rate of
return dis-
with dis- counte
n (pe- Cash index count | d cash
size riod) flow zt factor flows
Initial 0 -500 0.21% 1.0000 -500
invest- 000.00 000.00
ment
1 100 0.63% 0.9938 99
flow 1 000.00 375.35
2 200 1.26% 0.9753 195
flow 2 000.00 064.69
3 150 2.10% 0.9397 140
flow 3 000.00 953.15
4 100 3.14% 0.8836 88
flow 4 000.00 35749
5 100 4.40% 0.8063 80
flow 5 000.00 630.16
6 150 4.19% 0.7817 117
flow 6 000.00 252.77
7 100 2.10% 0.8649 86
flow 7 000.00 489.14
8 200 1.89% 0.8612 172
flow 8 000.00 235.88
9 150 1.47% 0.8772 131
flow 9 000.00 577.22
10 100 1.47% 0.8645 86
flow 10 000.00 450.21
NPV= 608
386.08

Source: own study.

Discussion

The presented Net Present Value (NPV) analyses confirm
the profitability of the investment in various scenarios, with
a positive NPV in all cases. A longer time horizon (10 years)
consistently generates higher NPV, and the inclusion of the
green transition index (GT) often reinforces the positive re-
sult, suggesting that sustainable investments can be per-
ceived as less risky. Although the green transition may im-
pose higher profitability requirements, the projects remain
profitable, demonstrating their long-term value and compli-
ance with sustainability principles. However, a longer in-
vestment horizon increases exposure to market, regulatory,
and technological volatility. This requires careful risk man-
agement and continuous monitoring of the environment.
Flexibility in planning is key to balancing value maximiza-
tion with the need to adapt to changing market circum-
stances.

The green transition is redefining the criteria for evalu-
ating investments in SMEs, going beyond NPV alone. ESG
factors, especially environmental ones, are becoming key.
SMEs are under increasing regulatory, business, and con-
sumer pressure to implement environmentally friendly so-
lutions. Profitability is assessed not only by profit but also by
positive impact on the environment (e.g., emission reduc-
tion, energy efficiency). Companies that fail to adapt risk
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losing competitiveness, limited access to green financing,
and damage to their reputation. Assessment criteria include
environmental audits, decarbonization targets, and commit-
ment to green innovation, making compliance with green
transition principles an integral part of success.

The volatility of discount rates has a fundamental impact
on the profitability of investments. Fluctuations in nominal
rates (3—6%) and real rates (-1.83—4.40%) illustrate how dy-
namic market conditions affect the present value of future
cash flows. Higher discount rates at the beginning of a pro-
ject reduce the discounted value of cash flows, while lower
rates over longer horizons can increase NPV, suggesting a
stabilization of risk over time. Negative real rates may result
from deflation, low interest rates, or interventions support-
ing green projects. They lead to higher NPV values, espe-
cially in long-term projects. However, it should be remem-
bered that negative rates may be temporary, resulting from
short-term policies. This risk requires dynamic financial
modelling and rapid adaptation. A strategic response to neg-
ative rates should be balanced by risk management, e.g.
portfolio diversification.

Research by Zhang, Guo, and Lin (2023) highlights the
significant impact of green transition measures on corporate
investment and performance. The development of green fi-
nance increases the scale of investment and financing, par-
ticularly for non-state-owned companies and those in west-
ern regions, as confirmed by Zhu, Bian, Ren, and Liu (2024).
In the thermal energy sector, the effectiveness of green
transformation varies, with wastewater costs being a key
factor. According to Sun and Yang (2022), the adoption of a
green value-added index shows that investments in environ-
mental protection do not reduce operating performance, en-
couraging capital providers to favor green investments. Fur-
thermore, green investments have a positive impact on a
company's overall performance, although their impact var-
ies depending on size, ownership form, and region. In the
context of real estate, Grzeszczyk and Waszkiewicz [2020, p.
2363-2381] emphasise the need to include sustainability in
valuation to increase its accuracy and provide a basis for in-
novative project assessment methods. These findings high-
light the importance of green transformation in improving
investment assessment and overall performance, as well as
the need for strategies tailored to different types of compa-
nies and regions, supported by integrated evaluation meth-
ods that offer flexible strategic recommendations.

These analyses clearly emphasize the importance of sus-
tainable development by highlighting the need to integrate
ESG factors into the decision-making process. This ap-
proach can not only increase the profitability of projects but
also support environmental goals. In dynamic market con-
ditions, the need for flexibility in the approach to investment
is crucial, requiring investors to continuously monitor and
adjust their strategies to maximise added value in a chang-
ing environment.

The study makes a theoretical contribution to the disci-
pline of economics and finance by integrating environmen-
tal factors (GT index) into traditional investment valuation
models such as NPV. It demonstrates the possibility of quan-
tifying the impact of the green transition on the discount

rate, which is an innovative approach to incorporating ESG
risks and opportunities into discounted cash flow analysis.
This highlights the need to revise standard capital valuation
models and to view sustainability as an integral part of pro-
ject value..

The practical implications are multifaceted. For SMEs,
this signals that a proactive approach to green transition is
key to long-term stability and access to capital, despite po-
tentially higher initial profitability requirements (lower NPV
when taking into account green transition). Financial insti-
tutions should develop and simplify their green financing of-
ferings, adapting risk assessment criteria to the specific
characteristics of SMEs. Policymakers need to simplify reg-
ulations, create a coherent support framework (grants, tax
breaks), and increase the availability of ESG self-assessment
tools for SMEs.

Methodologically, the green transition (GT) index used
simplifies the complexity of ESG factors, and its impact may
go beyond the discount rate itself. The study did not take
into account the regional specificity of Poland and was based
on simulations rather than actual market data for SMEs,
which limits the possibility of generalizing the results. Fur-
thermore, the time horizons (5 and 10 years) may be too
short for long-term investments in green infrastructure, and
the volatility of discount rates was determined arbitrarily.
Therefore, future research should focus on analyzing the
sensitivity of the model to different methods of constructing
the ZT index and its integration with the discount rate (e.g.
through premiums or discounts to WACC), comparing the
impact of the green transition on the profitability of SMEs in
different sectors of the economy, and examining the impact
of specific support instruments (EU funds, subsidies, tax
breaks) on the profitability of green investments. It will also
be crucial to develop tools and methodologies for SMEs to
monitor and report ESG indicators, which is essential for
their access to green financing and building a competitive
advantage.

Summary

The simulations indicate that incorporating the green
transition (GT) into the discount rate modifies the calcu-
lated NPV. Including the GT index in the real discount rate
reduced the NPV, suggesting that the green transition may
increase the cost of capital or risk, placing higher demands
on projects. Despite this, all cases analyzed showed a posi-
tive NPV, demonstrating the overall profitability of the pro-
ject even in a rigorous green transition environment. Fur-
thermore, long-term (10-year) projects are significantly
more profitable than short-term (5-year) projects, regard-
less of the discount rate. The inclusion of the ‘green transi-
tion index’ in the nominal discount rate has a positive effect
on NPV, suggesting a reduction in the perceived risk of
‘green’ investments. In contrast, at the real rate of return,
negative discount rates initially increased NPV, but the ad-
dition of the GT index slightly reduced it, which may indicate
potential additional costs or variable benefits associated
with GT requirements, partially offsetting the initial effects
of low rates. In summary, the green transition index in-
creases the NPV of projects at the nominal discount rate,
making them more financially attractive. In the case of the
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real rate of return, the impact is less clear, but long-term in-
vestments consistently show higher NPVs, highlighting their
greater potential to generate value in a volatile environment.

The hypotheses have been positively verified. The proac-
tive approach of SMEs to green transformation translates
into long-term competitive advantage and resilience, con-
firmed by higher NPV values for projects taking into account
the ZT index, especially in the long term. Despite a potential
initial reduction in NPV at the real rate of return, the analy-
sis clearly shows that non-financial benefits (image, reduc-
tion of regulatory risk, access to green financing) signifi-
cantly contribute to the overall profitability and resilience of
projects in a volatile market.

The simulations clearly showed that the use of a real dis-

Increasing ZT requirements can reduce financial profitabil-
ity, while a low or negative real interest rate can increase
NPV. The volatility of discount rates, resulting from inflation
dynamics and ZT progress, is crucial for the assessment of
long-term projects.

The analysis shows that the green transition is a funda-
mental factor influencing the valuation of investments in
SMEs, changing the profitability paradigm from purely fi-
nancial to holistic, taking into account environmental risks
and opportunities. Companies, financial institutions, and
policymakers need to adapt their strategies and assessment
tools. SMEs should view investments in green infrastructure
as a strategic necessity and a source of competitive ad-
vantage, access to capital and long-term resilience.

count rate, especially one that takes into account the ZT in-
dex, significantly affects the NPV of SME projects.
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