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Abstract. The study focuses on models of environmentally oriented development to support
decision-making in business ecosystems (BE). The goal is to show the relationship between technical
greening measures and BE performance results. The study's stages include the characteristics of BE;
evaluation of greening measures and their impact on functioning; construction of factor-analysis
models of technical greening and BE efficiency; determination of validation criteria based on
elasticity indicators; and justification of the feasibility of the proposed methodology for decision
support in BE. The methodology is based on the conceptualisation of BE, the construction of “input-
output” models, the calculation of the integral indices Irar and Iseee;, factor/regression analysis, and
elasticity assessment (point and arc). For an energy company, the most significant Irar parameters
are the share of new equipment with reduced noise and lower water discharge. The results of BE
greening depend significantly on environmental costs and payments to support the ecobalance. The
average annual growth rate of Itar exceeds that of Isese, indicating a lag between implementation
and results; the nonlinear nature of the relationship is confirmed. The arc elasticity index indicates a
moderate average sensitivity of Iseeer to changes in Ita, while the point elasticities reflect greater
volatility in response to shocks. The study confirmed the presence of a measurable, but lagging and
nonlinear relationship between technical greening and the results of greening the business
ecosystem. This makes the constructed models an effective tool for supporting management
decisions in sustainable development. The practical value lies in the proposed methodology for
assessing internal drivers of business ecosystem efficiency in alignment with external challenges,
enabling the systematic evaluation of environmental initiatives, their effectiveness, and their
integration into digital decision-support systems for monitoring sustainable transformations.

Keywords: model, business ecosystem, ecologization, technical measures, efficiency, platform,
energy company.
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1. INTRODUCTION

The urgency of climate change and resource scarcity intensifies the need for environmentally
sustainable development models. The transition to sustainable development within business
ecosystems, which requires collective action by interconnected participants, is becoming increasingly
important. However, due to the complexity and dynamism of business and ecosystem development,
planning and assessing efforts toward the “green” transition remain challenging. Traditional decision-
making methods often fail to ensure real-time adaptation based on unified indicators.
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To address these challenges, this study proposes a “green” development model to evaluate and
optimize the greening of business ecosystems (BEs). Such models can dynamically collect and analyze
data, provide predictive insights, identify inefficiencies, and support adaptive strategies for sustainable
development. The concept of BEs fosters the creation of intelligent, flexible ecosystems in which
sustainability becomes a measurable, continuously optimized process.

A recent study (Sasongko et al., 2024) analyzed the history and evolution of the BE concept over the
past 30 years, demonstrating its growing relevance in management and innovation. The authors of that
publication emphasize the Asian region's leading role, particularly China's, in funding BE research.
Europe ranks second in this regard, with significant support provided by the European Commission and
national research councils. At the same time, it is stressed that further studies should focus on BE
platforms, which remain relatively underexplored in academic literature. Therefore, conducting an
empirical investigation based on the functioning of a domestic company’s BE will provide deeper
insights into the creation of such platforms and complement existing results with new findings. Hence,
the research topic is both relevant and timely.

2. THEORETICAL BACKGROUND

The concept of BE functioning is based on a study (Moore, 1996) that views companies as elements of
broader networks of interdependent participants, in which performance is understood as an emergent
property of interaction rather than the sum of individual firms' isolated actions. However, the question
of how the principles of ecosystem vitality and self-regulation affect participant interactions within BEs
remains unresolved.

This issue was further developed in a study (Gawer & Cusumano, 2014), which examined the role of
platforms associated with the “network effect.” Its authors highlighted the main characteristics of the
platform as the strategic role of the leader, the network effect, openness to innovation, and the
orchestration of interactions, and emphasized that the more users are engaged with a platform, the more
valuable it becomes to the network due to”...an increasing set of complementary innovations.” In this
interpretation, the notion of an owner emerges, linked to the leader or “orchestrator” of the BE.
Stariczyk (2018) noted that the leader coordinates the micro-design of BE creation and disseminates
values at the firm level through BE architecture. However, that publication did not explore how
participants influence BE outcomes.

Subsequent studies characterised BEs in terms of emergence, self-organisation, evolution, and
adaptation (Peltoniemi & Vuori, 2008). Nevertheless, these characteristics were largely descriptive, and
the authors pointed to the need for further research. This conclusion makes it reasonable to link the BE
concept to findings from the study of the “iconic” innovative business model presented in Mikhalkina &
Cabantous (2015). The authors attempted to generalize the process of forming a universal business
model: the emergence of a core business idea, its recognition of uniqueness by stakeholders through
analogy, and subsequent imitation as a template. This process closely resembles the mechanisms of BE
formation and functioning. However, questions remain unresolved in BE research: how to create a
template and what the behavior of BE participants and their coordinated interaction with the
“orchestrator” should be. Contributing factors include the challenge of identifying the BE as a business
model within a specific company or enterprise, and the need to examine the links between activities and
BE performance outcomes.

It should be noted that “templates” of business models have already been developed (Osterwalder &
Pigneur, 2010). However, further research must be oriented toward sustainable development. The study
(Boons & Baldassarre, 2019). finds that business models should be consciously designed to align with the
SDGs, with attention to structural clarity, boundary definition, and outcome uncertainty. This approach
enables the systematic design of sustainable business models, the assessment of side effects, the
reduction of dependence on less sustainable models, and the strengthening of institutional conditions
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for more sustainable solutions. The study of Kovtun (2020) shows that the main task of ecologization
(greening) business models is to reduce the eco-destructive impact of human economic activity. The
study of Correia & Lopes (2023) highlights the importance of biodiversity preservation. In
identifying concrete solutions that underpin “greened” actions at the BE level, the study by Graca &
Camarinha-Matos (2021) deserves attention. Within the BE design framework, a simulation model is
proposed with an evaluation and impact mechanism. That, through adjustments to performance
indicator weights, enables measurement and deliberate influence over organisational behaviour within a
joint IT ecosystem, thereby enhancing the sustainability of cooperation. The study (Polyanska et al.,
2022) emphasized the need to form ecosystem thinking capable of accounting for the negative impact of
economic activity in decision-making. The study (Zapukhliak et al., 2019) highlighted the importance of
shifting readiness to achieve growth and resilience. The study (Polyanska et al.,, 2024) noted that
ecologically oriented BE models should be grounded in strategic planning results. Digitalization was
identified as a key factor in decision-making within BEs (Psyuk & Polyanska, 2024). Yet the question
remains unresolved about how to combine and account for these requirements and criteria when
making decisions in BE management.

One way to overcome these difficulties is to enhance enterprise innovation and the development of
BE. Such an approach was applied in a study (Han et al., 2022), where the authors proposed a
metatheoretical framework of aggregated conceptual boundaries of ecosystems, summarized across
three dimensions: roles (self-organization, nonlinearity, shared vision), structures (complementarity,
modularity, connectedness), and processes (emergence, coopetition, coevolution). In this way, the theory
of orchestration is highly relevant to the transformation of business ecosystems, as it explains how a
focal firm assumes the role of orchestrator and drives ecosystem-wide change through three key phases
- initiating, opening, and integrating — by strategically coordinating, mobilizing, and aligning
interdependent actors and resources (Mann et al., 2022). This concept is valuable when considering
participants in the business ecosystem and finding a leader who would be a role model.

The ecosystem perspective is crucial for studying the firm’s internal environment and decision-
making processes, as it highlights that strategic choices, performance metrics, and resource
configurations must be understood not only within the firm’s boundaries but also in relation to
ecosystem dynamics, external stakeholders, and broader institutional conditions that shape value
creation and resilience (Cobben et al., 2022). The study of Acufia (2024) highlights that technological
innovations play a critical role within business ecosystems, as their integration into management
practices not only advances environmental and social sustainability but also strengthens ecosystem
competitiveness, reputation, and long-term value creation aligned with the Sustainable Development
Goals. Empirical evidence shows that within ecosystems, sustainable technologies play a significant role:
the “Technology-Organization-Environment” factors explain 59.10% of the variance in sustainable
technology adoption, yet research remains fragmented and requires further validation across industries
and ecosystem contexts (Hoque et al., 2025). Thus, although literature examines various aspects of BE,
insufficient attention has been paid to how activities within BE influence its productivity and its ability
to respond effectively to external challenges, such as those related to sustainable development. All of
this supports the argument for an urgent need for systematic analytical and evaluative methods to
develop effective tools that move from passive monitoring to purposeful, adaptive BE management
(Zheng, 2022). One way to address this need, as proposed in the article, is to develop and study
ecologically oriented models that enable exploration of the relationship between environmental
measures and BE platform performance outcomes, and to identify the nature of interactions and their
significance for decision-making.

3. RESEARCH OBJECTIVE, METHODOLOGY AND DATA

The aim of the study is to construct models of environmentally oriented development to support
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decision-making in business ecosystems (BEs) and to investigate the systemic relationship between
sustainable transformation and technical “greening” measures. This will enable identification of patterns
and the cumulative impact of technical “greening” decisions on the performance of a dynamic BE. To
achieve this aim, the following objectives were set:

— to develop the concept of the BE by examining the BE platform of an energy company and
identifying the factors based on the principles of ecologization that determine its outcomes;

— to examine technological innovations that contribute to ecological outcomes, as well as the results
of such activities within the BE using the example of an energy company, and on this basis to calculate
integral indicators of BE efficiency — Itcr and Iseees;

— to develop models of environmentally oriented development based on the defined integral
indicators of sustainable transformation and to identify the factors influencing the results of TG and
BEEE;

— to assess the impact of “greening” activities on the outcomes of BE ecological transformation using
point and arc elasticity indicators.

The research is conducted on the example of a gas production enterprise coordinated within the
Naftogaz Group — Ukraine’s leading state-owned joint-stock energy company (Naftogaz Group, 2025).
The article presents an example of an energy business ecosystem, highlighting a key extraction company
whose operational data served as the basis for the study. The analysis is based on data characterizing a
specific ~ framework of the business ecosystem’s functioning, represented by JSC
“Ukrgasvydobuvannya.” On the one hand, the enterprise, as a structural unit of the energy company,
operates independently, managing its interactions with BE participants — suppliers, consumers, and
stakeholders. On the other hand, it maintains a close connection with the parent company, aligning its
actions with the parent company's strategy and corporate development priorities. This dual interaction
reflects the logic of a BE platform, and the case itself can serve as an illustrative example of its specific
features.

For the research, materials were selected that characterize the use of technologies with reduced
negative environmental impact. This approach allows the combination of business interests with efforts
to improve the ecological situation, which is consistent with the idea of a BE. Table 1 presents data on
technical greening measures in the hydrocarbon extraction process.

Tab. 1
Data on technical greening measures of the energy company
Indicator 2018 2019 2020 2021 2022 2023 2024
Xtgil 80.30% 82.10% | 84.70% | 85.70% 88.40% 90.10% 91.10%
Xtgi2 69.50% 83.00% | 85.60% | 88.10% 90.00% 91.40% 92.30%
Xtgi3 83.50% 83.50% | 88.90% | 90.10% 90.10% 93.20% 93.9%
Xtgi4 87.40% 96.30% 100% 100% 100% 100% 100%
Xtgib 85% 90% 92% 94% 94% 96% 97%
Xtgi6 60% 85% 86.40% | 87.10% 87.10% 88.50% 89.50%

Source: enterprise data

Accordingly, Table 2 presents the selected data on BE greening results, determined by the indicators
provided therein. These results reflect both the outcomes of greening the technical component and the
enterprise's overall environmental policy. They include expenditures on environmental protection,
waste management, and decarbonization measures.

The assessment methodology uses an integral indicator based on a systems approach, comprising
variables that reflect the BE's functioning, and it guides the selection of these variables. The method
includes several structured stages.
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Tab. 2
Data on the environmental efficiency of the BE of the energy company

Indicator 2018 2019 2020 2021 2022 2023 2024
Xbeeeil 0.0015 0.002 0.002 0.0025 0.003 0.0034 0.004
Xbeeei2 2.326 2.,006 2.001 3.02 2.98 3.01 3.04
Xbeeei3 42.32 41.93 40.23 39.12 40.11 42.36 42.9
Xbeeeid 366.5 775.3 589.4 563 580 602 611

Xbeeei5 2.54 4.52 5.86 6.52 7.25 6.98 7.19
Xbeeei6 1.02 1.52 1.98 2.01 2.04 1.98 2.08

Source: enterprise data

The starting point is the calculation of the integral indicator (I), based on the stady of Lepetyukha
and Rudska (2016), which we apply to compute the Technical Greening Index (Irci) that is used to study
the impact of technical modernization on the enterprise, while the impact of greening measures on the
efficiency of the BE model is represented by the Business Ecosystem Environmental Efficiency Index
(Iseern). Table 3 lists the variable factors used for these calculations.

Tab. 3
Indicators for the calculation of Itci and Iseee
Indicators for the calculation of Ira

Indicators for the calculation of Iseeer

Xigi1 — Share of new equipment with lower noise impact | Xveeeit — Waste used for own needs, million m3

Xigiz — Share of new equipment with lower CO, or other
gas emissions

Xbeeeiz — Utilization and disposal of industrial
waste, thousand tons

Xigis — Share of new equipment with lower discharges of
pollutants into water

Xbeeeis — Greenhouse gas emissions into the
atmosphere, thousand tons
Xbeeeis — of which CO,, tons

Xigia — Share of environmentally friendly lubricants and
fuels (materials meeting eco-standards)

Xigis — Degree of water purification Xbeeeis — Environmental taxes, million UAH

Xigie — Share of equipment and machinery meeting eco-
standards

Xbeeeis — Environmental protection
expenditures, million UAH

Source: enterprise data

The integral efficiency indicator I is calculated using formulas (1) and (2), respectively:

thi,io
Irgr =1 ———, (1)
2rtgi,0
Xpeeei i0
Ipggp =1 —7—+, (2)
Xpeeeio

where Xtgiio, Xbeeeijo — distance to the reference point in the space of normalized variables;

Xtgi0, Xbeeei0 — reference distance for both integral indicators, respectively;

i —index of the technical greening indicator (Itar); j — index of the BE efficiency indicator (Iseer).

The closer the value of indicator I is to 1, the higher the level of the evaluated parameter.

Additionally, regression analysis was used to investigate how variable factors influence Irar and
Iseeer. This analysis identifies the key driving forces and supports modeling for the future transformation
of the business ecosystem based on the multiple linear regression formula:

Y =By + Brx1 + Baxa + o+ Brxy + € 3)
where xi, x2,..., xn —independent variables;
B1, B2,..., Pn — corresponding coefficients.

To verify the relationship between the calculated integral indicators, the elasticity of technical
greening efficiency and BE ecologization efficiency was examined as follows:
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_ %AlgggEr

Erg1, BEEEI = o dlre; | “4)

where %Alseeer — change in the integral indicator of BE ecologization efficiency, measuring the
extent to which the BE improved (or worsened) due to environmental technologies;
%Altcr — change in the efficiency of technological greening solutions or nature-oriented (eco)
measures.
For validation of the obtained results, the arc elasticity indicator was applied, calculated according to
Formula 5:

IBEEEI, ~!BEEEI,

1
arc _ (IBEEEI, *IBEEEI0) 3 (5)
mid ITG11-ITGI,
1
dre1ytITGIy )3

Thus, the proposed methodology aims to confirm the main hypothesis — the existence of a
measurable relationship between the application of technical greening practices and the efficiency of BE
ecologization.

4. RESULTS AND DISCUSSION

Modern organizations employ diverse business models to support sustainable development. The BE
model transforms business goals beyond profit into sustainable outcomes — particularly ecological ones
(CO; reduction, resource efficiency) — and translates them into joint initiatives among participants,
centered on a leader. Accordingly, BE greening begins with integrating ecological principles at the
strategic level, including the incorporation of environmental considerations into mission, vision,
investment, and innovation planning. For example, the leader of the energy company JSC
Ukrgasvydobuvannya directs its “green” efforts toward emission reduction (Methane Partnership in the
oil and gas sector, leak detection and repair, minimization of venting/flaring), technological
modernization (equipment renewal), strengthened waste and water management (reinjection),
implementation of ISO 14001 and RES for internal needs, as well as compensation eco-initiatives aimed
at achieving net-zero operations by 2040. Tactical and operational implementation covers green logistics
(eco-friendly transport, route optimisation), energy efficiency (low-energy technologies), waste
management (recycling, circular economy), eco-friendly product design, and sustainable office practices,
all of which are extended to BE participants. Ecological innovations enhance competitiveness, while
compliance with green standards opens access to new markets. The technical maturity of the BE model
affects its ability to implement greening measures. The BE approach encourages stakeholder
involvement in ecological initiatives, especially in resource-intensive sectors, where results depend on
partners' environmental readiness. Table 4 presents a comparative characterization of the elements of a
BE platform.

The data in Table 4 indicate that the Naftogaz BE platform reflects most of the characteristics
described by Gawer & Cusumano (2014): the strategic role of the leader, network effects, openness to
innovation, and the orchestration of interactions. At the same time, in the case of Naftogaz, the emphasis
has shifted significantly toward greening and sustainable development. In contrast, the analyzed study
places greater focus on technological and market innovations. Thus, a systemic, technology-driven
approach oriented towards green principles is key to addressing environmental challenges, where each
technical element contributes to the overall productivity and growth of the BE.

Based on the data in Tables 1 and 2, using the integral efficiency indicator formulas (1) and (2), the
variables were standardized, and the integral indicators Itar and Iseeer were calculated. The results are
presented in Tables 4 and 5.

Tab. 4
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Comparison of business ecosystem platform characteristics

Platform characteristic
Cusumano, 2014)

(Gawer &

Platform characteristic of Naftogaz Group

Platform as the core of the ecosystem —
creates the foundation for interaction
and innovation

JSC Ukrgazvydobuvannya, as the core of the energy BE: unites
extraction, supply, regulators, consumers, and communities

Orchestrating role of the leader — sets
rules, standards, and balances interests

The leader sets strategic priorities (net-zero by 2040, ISO 14001,
RES), coordinates the activities of suppliers and partners

Network effect — the more participants,
the greater the platform’s value

Expansion of the effect through partnerships (international
climate initiatives, community engagement, partnership with
Methane Oil & Gas)

Open and modular architecture -
enables the integration of innovations

from external participants

Implementation of ecological and technological innovations: new
equipment, green logistics, RES, eco-office practices

Innovation dynamics - ecosystem | Environmental innovations (emission reduction, waste
innovations that cumulatively | management, water reinjection) enhance competitiveness and
strengthen the platform open access to new markets

Balance of competition and cooperation
(coopetition)

A combination of collaboration with suppliers, consumers, and
regulators, alongside internal competition for innovation and
efficiency

Strategic importance — platforms set
industry rules and create entry barriers

Naftogaz, as a state-owned company, establishes “greening”
standards for the market, shapes sectoral policy, and sets
sustainable development trends

Tab. 5
Calculation of Itcibased on Table 1 data
Calculated indicators 2018 2019 2020 2021 2022 2023 | 2024
Suma 4142505 | 14.88222 | 4.939476 | 2487843 | 1.143465 | 1.112307 | 0
Cio 6.436229 | 3.857749 | 2.222493 157729 | 1.069329 | 1.032241 | 0
C, 2.534102
S0 2.104567
Co 6.733192
Irai 0.044251 | 0.427206 | 0.670007 | 0.765806 | 0.841227 | 0901231 | 1

As seen in Table 5, the ITGI values increase, indicating greater attention to implementing technical

greening measures over the study period.

Tab. 6
Calculation of Iseeer based on Table 2 data
Calculated indicators | 2018 2019 2020 2021 2022 2023 2024
Suma 19.76057 | 26.00297 | 16.25259 | 12.13552 | 12.3148 | 14.12729 | 15.31272
Cio 4445286 | 5,099311 | 4.03145 | 3.483607 | 3.509244 | 3.758628 | 3.85612
C, 4.025346
S0 0.581012
Co 5.213464
Toree: 0.144547 | 0.018686 | 0.224186 | 0.329613 | 0.324679 | 0.276688 | 0.289011

Thus, the calculated integral indicators allowed us to consider the factors affecting the results of
technical greening (Itcr) and the effectiveness of business ecosystem greening (Iseeer) (Table 7). For the
specified table, all descriptive statistics were calculated, and a correlation matrix was constructed

(Fig. 1).
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Xigi1 Xigiz Xigia Xigia Xigis Xigi6
Xigit 1
Xtgiz 0.885391 1
Xtgis 0.948624 0.830428 1
Xigia 0.784985 0.969883 0.774466 1
Xigis 0.931555 0.982695 0.909653 0.935993 1
Xigi6 0.722182 0.958165 0.668208 0.975368 0.902618 1

Fig. 1. Correlation matrix of technical environmental measures

In particular, the matrix of pairwise correlation coefficients shows that xs is closely related to the
other parameters, so it is rejected (it serves as an indicator of the degree of water purification). Next, we
check all the remaining variables for multicollinearity using the Farrar-Glauber algorithm. The results
are presented in Table 8.

Tab. 7
Revised input data for building the Itci model

Year Xigit Xigi2 Xigia Xigis Xigis Xigi6 liai

2018 80.30% 69.50% 83.50% 87.40% 85% 60% 0.044251

2019 82.10% 83.00% 83.50% 96.30% 90% 85% 0.427206

2020 84.70% 85.60% 88.90% 100% 92% 86.40% 0.670007

2021 85.70% 88.10% 90.10% 100% 94% 87.10% 0.765806

2022 88.40% 90.00% 90.10% 100% 94% 87.10% 0.841227

2023 90.10% 91.40% 93.20% 100% 96% 88.50% 0.901231

2024 91.10% 92.30% 93.9% 100% 97% 89.50% 1

After consistent application of this algorithm, it was finally established that the following factors
have the greatest influence on the Itcr:

— x1 — the share of new equipment with reduced noise impact, with the following results: coefficient
of determination R?(x1) = 0.919887, correlation coefficient R(x1, y) = 0.931347;

— x3 — the share of new equipment with reduced discharge of pollutants into water, with the
following results: coefficient of determination R?(xs) = 0.920741, correlation coefficient R(xs,y) = 0.931501.

The constructed multivariate linear regression has the following form and gives the following
results:

y = 5.45 : xtgil + 2.12 - xtgig — 6.04.

The coefficient of determination for this model is R%(y) = 0.9341. Based on the data in Table 7, a
multivariate linear regression was constructed. It is worth noting that this model does not include data
on the number of repairs that meet environmental standards, as these indicators do not show dynamics
and are 100% each year (xs). As a result, the following dependence was obtained:

y = =973 Xigis + 9.076Xigiz + 3.835 Xigis + 2.278 Xigis — 5.314 Xygi.

The application of this model yields results with high accuracy, as indicated by a coefficient of
determination (R?) of 0.981. This model (excluding lubricants that meet environmental standards) is
more accurate in predicting values than the previous one, which was calculated using this indicator.
Thus, in the considered case, the most significant parameters of Irtc are the share of new equipment with
lower noise levels and lower pollutant discharge into water.

The initial data for studying the impact of greening measures on BE operational results are presented
in Table 8, based on the data in Table. 2.
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Inputs for building the model
Pix Xbeeeil Xbeeeiz Xbeeei Xbeeeis Xbeeeis Xbeeeit IBEEED
2018 0.0015 2.326 42.32 366.5 2.54 1.02 0.0444
2019 0.002 2.006 41.93 775.3 4.52 1.52 0.4272
2020 0.002 2.001 40.23 589.4 5.86 1.98 0.6700
2021 0.0025 1.993 39.94 423.5 7.12 2.35 0.7658
2022 0.003 1.989 39.21 476.8 8.56 2.88 0.8412
2023 0.0034 1.98 39.02 443.4 9.72 3.12 0.901231
2024 0.004 3.04 429 611 7.19 2.08 1

Thus, the following mathematical relationship is obtained, with R2 = 0.9998.

Tab. 8

V(I_BEEEI )=7.526 - 0.578X_(“beeei” 2) - 0.143X_(“beeei” 3) + 0.000005” “ “X” _(“beeei” 4) +

+0.273X_(“beeei” 5) - 0.802” “ “X" _(“beeei” 6).

Based on the modelling results, we can conclude that the extent of greening largely depends on the
enterprise's costs, the costs of implementing the environmental policy, and payments to support the

enterprise's ecological balance.

The relationship among these integral performance indicators was investigated using regression

analysis (Fig. 2).
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Fig. 2. Graphical representation of the relationship between integral performance indicators using
the regression analysis method: a — linear dependence; b — nonlinear dependence
(trinomial of the third degree). c — nonlinear dependence (sixth degree polynomial)
Source: formed by authors

The study using linear dependence has a coefficient of determination (R?) of 0.5231, whereas the
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study using power regression has R? = 0.9837. As we can see, the largest coefficient of determination R?is
for nonlinear regression (Fig. 2. b).

Note that linear regression and the coefficient of determination are given purely for illustrative
purposes. Calculations show that for a second-degree polynomial, the coefficient of determination will
be 0.5912. A high coefficient of determination is observed for a cubic parabola. It is equal to 0.9837. At
the same time. a further increase in the degree to 4 and 5 causes an insignificant improvement in the
coefficient of determination to 0.9847 and 0.9982, respectively. At the sixth degree, the coefficient equals
1 because we have data for 6 years, but the corresponding graph shows strong fluctuations at
intermediate points (see Fig. c).

Using the elasticity index (Formula 4), the sensitivity of one parameter to changes in the other is
determined (Table 9). In the context of the relationship between Iseeer and Irai, elasticity helps explain
how changes in the technical landscape affect BE performance.

Tab. 9
Determination of the annual point elasticity of the BE model functioning

Year It IBeEEn % of changes in Itar % of changes in Isgeer Point elasticity
2018 | 0.044 0.145 N/A N/A N/A
2019 | 0.427 0.019 870.45% -86.90% -0.10
2020 | 0.670 0.224 56.95% 1078.95% 18.94
2021 | 0.766 0.330 14.32% 47.32% 3.30
2022 | 0.841 0.325 9.79% -1.52% -0.15
2023 | 0.901 0.310 7.13% -14.77% -0.64
2024 | 1.000 0.277 10.98% -10.64% -0.96

The conclusion regarding point elasticity is that the relationship is nonlinear and unstable at the
point level. Iseeer may respond either sharply positively (after a delay) or sharply negatively (in response
to years of shocks), especially when previous elasticity values are very low. Year-to-year point elasticity
indicators demonstrate a nonlinear and unstable short-term relationship: in 2019, a ninefold increase in
Itcr coincided with an 86.9% decrease in Iseer, resulting in negative elasticity (-0.10), which reflects
adaptation barriers and initial costs; in 2020, moderate Itar growth of 56.95% was accompanied by an
approximately elevenfold increase in Isees;, producing very high elasticity (~18.94), which reflects both a
delayed response and the effect of low elasticity values from 2019; in 2021, elasticity remained elevated
(~3.30), whereas in 2022-2024 it became negative (-0.15; -0.96) despite continued Ircr growth, likely due to
external shocks.

To complement these unstable point signals, arc elasticity for the period 2018-2024 was calculated
using Formula 5 and the data in Table 9. Arc elasticity was =0.342, indicating a moderate average
sensitivity of outcomes to technical greening across the 2018-2024 period, including peaks, declines, and
delays. Overall, the available data confirm a positive but delayed and nonlinear relationship between
environmental measures (ITGI) and ecosystem outcomes (IBEEEI): technical greening leads to improved
outcomes, but the effect manifests with a lag and remains sensitive to shocks.

The case of a gas extraction enterprise (with a 71% share of hydrocarbon extraction) is used as a lens
to study a dominant case (a leader) rather than as a general system evaluator. It enables the capture of
coordination interfaces (supplier-operator-regulator-user) through which technical greening measures
(Itar) spread to ecosystem outcomes (Iseeer). The calculations reveal a statistically significant, delayed, and
nonlinear relationship between Itar and Iseeer, consistent with adaptation costs and the impact of external
shocks. Generalization to the studied BE is possible if structural interactions, governance, and market
conditions are similar. Applying this approach beyond the investigated case is advisable only when
another ecosystem exhibits comparable participant interactions, governance rules, and market
conditions. When scaling the analysis, it is necessary to consider each participant’s share, include
conclusions with at least one subsequent partner in the chain and a horizontal partner, and perform
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basic reliability checks using factor models and elasticity analysis. Under such conditions, the method
can be reliably transferred to assess how technical decisions affect sustainable development outcomes of
other BE participants and to support managerial decision-making.

The study of the constructed models of ecologically oriented development in the BE confirms the
main hypothesis of a measurable relationship between technical greening practices and the effectiveness
of BE greening. The case of the energy company demonstrates technical modernisation, aligned with
sustainable development policy, that enhances not only the productivity of an individual enterprise but
also the overall sustainability of BE.

The analysis of a BE case in this article goes beyond theoretical comparisons with natural systems,
emphasising the relevance of the case study method. This approach enabled empirical analysis
grounded in conceptual justification and generated applied knowledge to address current challenges at
the intersection of business and ecosystems, using company data. The constructed ecologically oriented
BE models expand the management knowledge base from a “profit-first” approach to a balanced
approach to BE development. Their analysis exemplifies the creation of systematic analytical and
evaluative methods suitable for flexible response to challenges and for use in decision-support systems
within the BE.

Unlike approaches that consider BE factors and results without clear input-output differentiation,
the proposed framing of Irar (inputs) and Isezer (outputs) enables the examination of patterns,
identification of time lags, and assessment of BE sensitivity through elasticity. Another advantage of this
approach is its focus on the ecosystem level (as illustrated by the energy company, where interrelated
business units jointly determine the success of policies, including environmental ones). This logic makes
lags visible in “normal” years, Itcr growth precedes improvements in Iseeer, while in crisis periods, part of
the effort temporarily does not translate into results (Table 12).

A key strength of the study lies in the application of point and arc elasticities (“relative to Ita”) with
sensitivity checks. Point elasticity indicates that Iseeer reacts to adaptation costs and external shocks; on
average across the period, the response is positive, moderate, and lagged, underscoring the time needed
for effects to accumulate. Arc elasticity reduces the influence of “extreme” years and provides a
statistically more reliable conclusion about the presence, direction, and strength of the impact. The
findings lead to a practical conclusion: technical investments should be made on time and be
accompanied by measures to increase BE's absorptive capacity (governance, financing, networks, and
operational readiness) to reduce the lag between Irar and Iseeer and stabilize outcome responses. The
proposed BE platform framework enables integration of Irai/Iseeer streams into digital decision-support
systems, automatic calculation of elasticities, and rapid policy adjustments.

At the same time, studying has limitations and drawbacks. The relationships examined are valid
within a specific environment and given institutional and market conditions; beyond these, estimates
may shift. Another limitation is that the analysis primarily focuses on environmental factors. It is
advisable to expand the study to include the relationships among environmental outcomes, levels of
technical development, financial and economic conditions, and investment—innovation prospects.

Given these caveats, future research directions include examining broader interactions among BE
variables and outcomes, as well as considering the governance rules and market conditions of the BE
platform, better to estimate the time lag between ITGI and IBEEEIL.

5. CONCLUSIONS

The study develops and tests a methodological framework for modelling environmentally oriented
development in business ecosystems (BEs) and for identifying the systemic relationship between
technical greening measures and the ecological transformation of the ecosystem. The empirical analysis,
conducted on the example of a gas production enterprise operating within the Naftogaz Group,
confirms the existence of a measurable, statistically interpretable relationship between technological
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modernisation aimed at reducing environmental impact and the overall environmental efficiency of the
business ecosystem.

The constructed integral indicators — the Technical Greening Index (Itcr) and the Business Ecosystem
Environmental Efficiency Index (Iseezr) — enabled the synthesis of multidimensional environmental and
technological data into generalized quantitative parameters that reflect systemic transformation
processes. The dynamics of these indices demonstrate a consistent improvement in the environmental
orientation of the enterprise’s technological base and confirm that technical modernization acts as a key
driver of ecosystem-level ecological outcomes. Regression modelling revealed significant factor
dependencies between individual greening measures and integral ecosystem performance indicators,
substantiating the hypothesis of cumulative and systemic effects of technical environmental decisions
within a dynamic BE. The elasticity analysis, including both point and arc elasticity calculations,
confirmed the sensitivity of ecosystem environmental efficiency to changes in technical greening
intensity, thereby validating a cause-and-effect relationship rather than a coincidental correlation.

At the methodological level, the study's main contribution is the development of a universal
algorithm for assessing environmentally oriented development in business ecosystems. The proposed
approach is based on a systems-distance method for constructing integral indicators, thereby ensuring
invariance with respect to the sectoral specifics of the analysed object. The model's computational logic
remains unchanged across industries, scales, and territorial contexts, as it relies on normalized variables,
reference-point comparisons, and regression-based identification of factor influence. The substitutability
of variable indicators enables the model to be adapted to other industries (energy, manufacturing,
transport, utilities), other types of ecosystems (corporate groups, industrial clusters, regional systems),
and different environmental priorities (carbon reduction, waste minimization, water efficiency,
biodiversity impact). Thus, the methodology should be regarded not only as a case-specific analytical
tool but also as a transferable framework for modelling sustainable transformation processes in complex
socio-economic systems.

Furthermore, due to its formalized structure, reliance on measurable variables, and compatibility
with statistical modelling techniques, the proposed approach can serve as a computational module
within digital decision-support systems. The integral indices and elasticity metrics may serve as
analytical blocks in digital twin architectures for business ecosystems, enabling the simulation of future
technical greening scenarios and the evaluation of their projected systemic effects. In this context, the
methodology supports not only retrospective assessment but also forward-looking strategic modelling
of environmentally oriented development trajectories.

Overall, the results confirm the study's main hypothesis: technical greening measures generate a
measurable cumulative effect on the ecological efficiency of a business ecosystem. The research expands
the theoretical understanding of the interaction between technological modernisation and ecosystem
transformation. It provides a structured, scalable, and algorithmically defined instrument to support
environmentally oriented managerial decision-making in dynamic business ecosystems.
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AOCAiAKEHHsI MOAeAl eKOJOTiYHO Opi€HTOBAHOTO PO3BUTKY AAsl IATPUMKM yXBaleHHs pilneHb y OiszHec-
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exocucremi. XKypnar Ipuxapnamcoxozo yrisepcumemy imeni Bacuas Cmegpanuica, 13 (2) (2026), 82-96.

Ob6'exTOM A0CAiIAKEHHST € MOJeAl eKOAOTIYHO OPi€HTOBAHOIO PO3BUTKY AAf IMIATPUMKM YXBaJeHHs pillleHb y
Oisnec-exocucremax (BE). Meroo € IIOKa3 B3a€MO3B'A3Ky MDK TeXHIYHMMM 3axodaMM O3€J€HEeHHs Ta
pesyabTaTamMu AisiapHOcTi BE. Etanu gocaig>keHHS BKAIOYAIOTh XapakTepucTuky BE; OIIiHKY 3ax04iB O3eAeHeHH:
Ta iX BIAMB Ha (YHKIIIOHyBaHHs; IIOOyAOBy MoJeaell (PAKTOPHOIO aHaAi3y TEeXHIYHOTO O3eJ€HEeHHs Ta
edexrmBHocTi BE; Bu3HaueHHs KpurepiiB Basigallii Ha OCHOBI IIOKa3HUKIB €4aCTMYHOCTI; Ta OOIPYHTYBaHHS
AOIIIABHOCTI 3aIlpOIIOHOBAHOI MeTOA0JOorii IiATpMMKHN pimtens B pamkax BE. Merogoaoria 6asyersca Ha
koHIentyasizanii BE, 1mobyaosi Mogeaeit «Bxiag-Buxig», pospaxyHKy iHrerpaasHmx iHgexcis ITGI rta IBEEEI,
¢akTOpHO-perpecifHOMy aHaAi3i Ta OIIHIII eAacTMYHOCTi (TOYKOBiNT i AyroBii). JAas eHepreTMYHOI KOMIIaHil
HavBaxkAusimmmu napamerpamu 1TGI € yactka HOBOro o64aAHaHH 3i 3HVDKEHUM IITyMOM i MEHIINM CKIAOM Y
BoAy. Pesyapratm oseaeHeHHsaA BE cyTTeBo 3ase’xaTh Big eKOAOTIYHMX BUTpAT i IAATeXiB A4S IIATPUMKU
exobasaHcy. Cepeaupopiuni temnu spocrants ITGI nepesumyiors temmnn spocranss IBEEE]L mio ceigunts mpo
BigCTaBaHHs MiX BIIPOBaA>KeHH:AM i pesyabTaTaMl; HeAiHiHUI XapaKTep 3B 13Ky MiATBepAkeHO. IHAekc AyroBoi
€1acTUYHOCTI BKasy€ Ha IoMipHy cepeanio uyTausicTb IBEEEI ao smin ITGI, Toai sIK TOYKOBi eAacTMYHOCTI
BizoOpakaloTp OiABIIly BOAATMABHICTL Yy BignoBigp Ha moku. JocAiA’XeHHS IIiATBEpAMAO HasIBHICTD
BMMipIOBaHOIO, aJe 3alli3HIOBAABHOTO Ta HEeAIHITHOTO 3B'SI3Ky MiXX TeXHIYHUM O3eJdeHeHHsAM i pesdyabTaTaMu
o3eaeHeHHs1 OizHec-ekocuctemu. lle pobuts mobyaoBaHi MoJedi ePeKTMBHUM IHCTPYMEHTOM AAs IiATPUMKHU
yIIpaBAiHCBKUX pilreHsb y cepi cTaaoro po3BuTKy. IIpakTiyHa IiHHICTS IIOAsITa€ B 3aIIPOIIOHOBaHII METOA010Til
OLIIHKM BHYTPIIIHIX PyIIiHMX cua edeKTUBHOCTI Oi3Hec-eKOCUCTeMU BiAIIOBiAHO 4O 3O0BHIIIHIX BUKAMKIB, IIIO
AO03BOASE CUCTEMATIYHO OLIIHIOBATU €KOAOTiuHi iHirtiaTiBy, ix epeKTUBHICTH Ta iHTerpyBartu ix y umposi cucremun
HiATPUMKM pillleHb 4151 MOHITOPUHIY CTaAuX TpaHCcOpMalliii.

Karo4doBi caoBa: Mogean, Oi3Hec-eKocmcTeMa, e€KOAOTri3allis, TeXHIUHi 3axoau, e(eKTUBHICTh, IAardopma,
eHepreTMyHa KOMIIaHisl.
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