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Abstract
Introduction to the topic under investigation. The risks 
of climate change have brought about the consolidation of 
business structures with the aim of reducing greenhouse 
gas emissions. In such conditions, ensuring the transition 
to a low-carbon economy requires the application of a com-
prehensive approach to monitoring goals for the integration 
of environmentally friendly technologies in business struc-
tures. In particular, it involves defining environmentally 
friendly hierarchical and causal relationships between goals 
in business structures in the context of climate security. 
Purpose. The purpose of the study is to develop a method-
ological approach to monitoring the integration of envi-
ronmentally friendly technologies in business structures 
in the context of climate security, based on the analysis of 
building a model for monitoring the business structure ac-
tivities of enterprises, systematising the goals of business 
structures and the sources of information. Methodology. In 
order to develop a methodological approach to monitoring 
the integration of environmentally friendly technologies in 
business structures in the context of climate security, it is 
necessary to determine the environmentally friendly hier-
archical and cause-and-effect relationships between goals in 
business structures. The development of a system for mon-
itoring the marketing environment is based on the goals of 
hierarchy and causality This approach will be the basis for 
the formation of a monitoring system for the introduction 
of environmentally friendly technologies at enterprises (ac-
cording to the types of economic activity). Main results. The 
study has revealed that the types of goals are interrelated ac-
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cording to similar environmentally friendly characteristics 
in the context of climate security, and together they form an 
integral system. Another important aspect of the relationship 
between the goals is that the set of goals for the integration of 
environmentally friendly technologies is the source code for 
the intersection of sets; that is, the goals of management enti-
ties in the business structure management system are formed 
after the goals for certain types of business structure activi-
ties are formed. The study has considered the goals of mon-
itoring business structure activities, sources of information, 
monitoring methods and information obtained as the output 
of the monitoring system of integrating environmentally 
friendly technologies through the prism of topological and 
metric spaces, which makes it possible to have a certain mor-
phological projection of input data to the output. A model for 
monitoring business structure activity for the integration of 
environmentally friendly technologies through the prism of 
topological and metric spaces was proposed. In the context 
of the study, the topological space is considered a continuum 
and a system of subsets. The theoretical contribution. The 
innovative scientific added value of the study is the improve-
ment of the methodological approach to forming a system for 
monitoring the activities of business structures in the condi-
tions of integrating environmentally friendly technologies. 
This approach is based on modelling through the prism of 
metric and topological spaces. The methodological approach 
makes it possible to achieve a high level of information con-
tent and timely monitoring for the integration of environ-
mentally friendly technologies into business structures in the 
context of climate security. Practical implications. The prac-
tical value of the proposed model lies in the possibility of us-
ing it to strengthen climate change resilience in business and 
the transition to a low-carbon economy. The practical impli-
cations of the study are to develop the resilience of business 
structures in the implementation of low-carbon economy 
transition strategies and plans by integrating environmental-
ly friendly technologies, in particular, the diversification of 
energy supply channels, recycling renewable resources, test-
ing and implementing innovative solutions for the preven-
tion of climate change, and so on.
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Introduction
Climate change requires the introduction 
of solutions for the reduction of greenhouse 
gas emissions by developing a low-carbon 
economy and strengthening the monitoring 
of environmentally friendly technologies in 
business structures. The climate security of 
enterprises is ensured due to the transition 
to the production of green goods, the circu-
lar use of resources, etc.

Accordingly, the European strategic goals 
for the transition to a low-carbon economy 
includes the following green benchmarks: the 
development of carbon markets; circular cit-
ies; the energy efficiency of buildings; renew-
able energy; increasing the climate resilience 
of the agriculture and forestry sector, etc. 
Since 2019, in the countries of the European 
Union, the National Energy and Climate 
Plans (NECPs) have been in force with the 
goal of increasing the resilience of European 
climate security. These were proposed by 
means of an action plan for the EU countries 
for the period 2021–2030 aimed at the reduc-
tion of greenhouse gas emissions. Such plans 
aim to coordinate the goals of all government 
departments and plan for activities that pro-
mote the attraction and implementation of 
public and private investments (The national 
energy and climate plans, 2018).

A challenge commonly faced by business 
structures is planning for the transition 
to a low-carbon economy. With this in mind, 
the development of a monitoring system for 
integrating environmentally friendly tech-
nologies in business structures is an issue of 
the utmost urgency.

1. Literature review
Forming a system for monitoring the en-
vironmentally friendly technologies of 
enterprises is based on the goals of said 
monitoring. A summary of the references 
(Curry, 2019; Sumеts et al., 2021; Tun et al., 
2016; Zadorozhnyi and Muravskyi, 2021; 

Koetter and Kochanowski, 2012; Kucher 
et al., 2021; Dyvak et al., 2018; Maj and 
Kubiciel-Lodzińska, 2020; Popova et al., 
2021; Borysiak and Brych, 2022; Goomas et 
al., 2011; Mihi-Ramirez et al., 2019; Pryimak 
et al., 2020; Draghici et al., 2014) provides 
grounds to claim that, in general, the purpose 
of monitoring the activity around business 
structures is to identify the state of the imple-
mentation of the established goals of business 
structures, to find the relevance of the estab-
lished goals of the business structures, and 
to identify the need for regulatory decisions. 
The implementation of these goals usually 
takes place in an algorithmised form.

The prevention and mitigation of, and 
adaptation to, climate change requires en-
terprises to strengthen their environmental, 
climate and energy management (Darmorost 
et al., 2019; Brych et al., 2023; Borysiak et al., 
2022). The implementation of eco-innova-
tion is positioned as a target for organisations 
to be more sustainable in order to reduce neg-
ative externalities in the developed countries 
(García-Granero et al., 2018; David Ferreira 
Lopes Santos et al., 2019).

The business structure goals are the 
initial primary data on the basis of which 
a system for monitoring the business struc-
ture activities is formed. In the scientific 
literature on management issues, including 
issues of information management (Bueno 
and Gallego, 2017; Altındağ and Öngel, 
2021; Voitseshyn et al., 2020; Martyniuk et 
al., 2020; Borysiak et al., 2022, Saifi et al., 
2016; Pryimak et al., 2020; Kucher et al., 
2021; Brych et al., 2022; Popova et al., 2019; 
Zamecnik and Rajnoha, 2015; Kniaz et al., 
2021; Shkvaryliuk et al., 2021), a significant 
number of authors lay out the approaches 
to classifying and systematising the goals of 
enterprises according to the types of activity.

Barriga Medina et al. (2022) used a struc-
tural equation model to analyse the positive 
effect of eco-innovation on the financial 
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and environmental performance of business 
structures. On the other hand, a proactive 
environmental strategy does not directly 
affect firm performance, but technological 
eco-innovation reduces the environmental 
impact (Ryszko, 2016).

Accordingly, the urgent goal of energy en-
terprises is to develop climate management 
through diversification of renewable resourc-
es (Borysiak et al., 2022). Madaleno et al. 
(2020) investigate whether eco-innovations 
positively affect turnover and employment.

Critical analysis of the authors’ approach-
es has shown the need to improve a univer-
sal classification of business structure goals 
based on the integration of environmentally 
friendly technologies and the resilience of 
climate security. Given this, when classify-
ing the business structure goals, it is vital 
to take only those classification features and 
types of goals that are universal to all busi-
ness structures into account.

The purpose of the study is to develop 
a methodological approach to monitoring 
the integration of environmentally friendly 
technologies in business structures in the 
context of climate security, based on the 
analysis of building a model for monitoring 
the business structure activities of enterpris-
es, systematising the goals of business struc-
tures and the sources of information.

2. Methodology 
The research hypothesis is that ensuring the 
transition to a low-carbon economy requires 
the application of a comprehensive approach 
to monitoring goals for the integration of 
environmentally friendly technologies in 
business structures. In particular, it involves 
defining environmentally friendly hier-
archical and causal relationships between 
goals in business structures. The hierarchy 
and causality goals underlie the develop-
ment of a system for monitoring the market-
ing environment. This approach will be the 
basis for forming a monitoring system for 
the introduction of environmentally friend-
ly technologies at enterprises (according 
to the types of economic activity).

The research was conducted according 
to the following classification of business 
structures goals: by scale; by the level of cov-
erage; by the respective goals of divisions 
of business entities; by the level of manage-
ment; by management subjects; and by type 
of activity. In this classification, the types 
of goals are interrelated according to simi-
lar environmentally friendly characteristics, 
and together they form an integral system. 
In a formalised form, the relationship be-
tween business structure goals by scale and 
level is written as follows:
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where Cs – strategic goals of business 
structures; Ct – tactical goals of business 
structures; Co – operational goals of busi-
ness structures; Ck1… Ckn – goals of the 

components (business entities) from which 
business structures are formed; Cm1… 
Cmn – goals of business structure compo-
nent divisions.
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The business structure goals of integrat-
ing environmentally friendly technologies 
form a boolean 
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.
Strategic goals of integrating environ-

mentally friendly technologies are the start-
ing point for tactical goals, and the tactical 
goals determine the operational ones. The 
set of strategic, tactical and operational ob-
jectives 
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 is the basis for a set of objectives 
of the business structure component 
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and the set of objectives of the units of the 
business structure component 
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. 
The nature of the relationships between 

the sets of business structure goals of inte-
grating environmentally friendly technolo-
gies by management level is captured in the 
formula 
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types of activities – 
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. A special feature of 
the relationships between the sets of these 
goals is the occurrence of an intersection of 
sets, namely 
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where Ck – the goals of the management 
subsystem; Cp – the goals of the managed 
business structure management subsystem; 
Cv – the goals of top-level management en-
tities; Cc – the goals of mid-level manage-
ment entities; Cn – the goals of grassroots 
management entities; Cq – the objectives of 
the business structure operating activities; 
Cf – the objectives of the business structure 
financial activities; Ci – the goals of business 
structure investment activity; and ε – the 
goals of management entities in the business 
structure management system.

As seen above, it is precisely for manage-
ment entities that the business structure 
management system intersects the goals of 
integrating environmentally friendly tech-
nologies for management subsystems and 
management levels.

Another important aspect of the rela-
tionship between the goals is that the set of 
goals for the integration of environmentally 
friendly technologies 
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goals of management entities in the business 
structure management system are formed 
after the goals for certain types of business 
structure activities are formed:
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It should also be emphasised that sets 
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 – business structure goals defined 
by the business structure mission and vision.
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As a result, the logic of relationships be-
tween the business structure goals of inte-
grating environmentally friendly technolo-
gies is as follows:
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3. Research results
An important stage in forming and using 
a system for monitoring the business struc-
ture activity of integrating environmentally 
friendly technologies is the choice of infor-
mation sources and monitoring methods. 
Despite the variety of information sources 
obtained by business structure management 
entities, first of all, it is the alternative sourc-
es that are of practical value. This is because 
objective information is usually considered 
to have a documentary basis or is confirmed 
by several sources. Given this, it is important 
to consider alternative information sources 
when creating a system for monitoring the 
business structure activities of integrating 
environmentally friendly technologies, es-
pecially in the context of automation and 
algorithmisation.

The first step to this task is to build a clas-
sification of sources of receiving informa-
tion pertaining to the management of inte-
grating environmentally friendly processes: 
by content (sources of direct information, 

sources of indirect information); by source 
(internal and external sources of receiving 
information); or by nature (sources of plan-
ning, regulatory and forecast information, 
sources of actual information). Among the 
wide variety of approaches to constructing 
a classification of information sources nec-
essary to form a system for monitoring the 
business system activities of integrating en-
vironmentally friendly processes, only those 
classification features and types of informa-
tion sources that may have practical signifi-
cance should be distinguished.

Figure 1 shows the results of the expert 
survey, which showed that the most fre-
quently used monitoring methods are the 
comparison method (25%), the index meth-
od (13%), the expert assessment method 
(9%) and the observation method (7%). In 
total, these methods are used by 54% of re-
spondents. The content analysis method 
(6%), the systematisation method (6%), the 
induction (4%) and deduction methods (4%), 
and the generalisation method (3%) are also 
used, albeit not as frequently.
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Figure 1. Results of the expert survey on the frequency of monitoring methods used

 

1
25%

2
13%

3
7%4

6%
5
9%

6
4%

7
4%

8
3%

9
6%

10
23%

Note: 1 – comparison method; 2 – index method; 3 – observation method; 4 – content analysis method; 
5 – expert evaluation method; 6 – induction method; 7 – deduction method; 8 – generalisation method; 

9 – systematisation method; 10 – other methods. 

Source: own elaboration

A systematised set of information sourc-
es and monitoring methods is a prerequisite 
for the practical application of the monitor-
ing system of integrating environmentally 
friendly technologies. Despite this, it should 
be recognised that the monitoring object de-
termines the requirements for the monitor-
ing system. One of these is automation, and 
as a result, the algorithmisation of monitor-
ing. This is due to the breadth of the list of 
parameters that characterise the monitoring 

object and the large number of factors that 
affect these values. Given this, it is advisable 
to consider the goals of monitoring the busi-
ness structure activity, information sources, 
monitoring methods and information ob-
tained as the output of the monitoring sys-
tem of integrating environmentally friendly 
technologies through the prism of topologi-
cal and metric spaces, which makes it possi-
ble to have a certain morphological projec-
tion of input data into the output:
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; r – ball radius; d – the 
distance between the elements of the set.

In the context of the study, the topologi-
cal space (Figure 2) is considered a continu-
um and a system of subsets.

In turn, metric space is considered a pair 
of a certain set and a distance defined for 
any pair of elements of this set; that is, 
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indicators and possible values by which they 
may be acquired. 

4. Discussion
In order to strengthen the resilience of cli-
mate security, companies in the European 
Union are introducing low-carbon actions 
through the development of the mandato-
ry carbon market and the voluntary carbon 
market (Report on international voluntary 
and compulsory carbon markets with special 
emphasis to mechanisms applied in case of 
carbon farming and potential opportunities 
for Ukrainian developers, 2022). Taking into 

account the fact that one of the principles of 
forming a system for monitoring the activi-
ties of business structures in the conditions of 
low-carbon transition is to focus on meeting 
the information needs of business structure 
managers for the integration of environmen-
tally friendly technologies, the key task in the 
creation of a monitoring system is to choose 
information sources and monitoring meth-
ods. Performing this task is important for all 
types of monitoring systems, but in the con-
text of increasing competition and increasing 
the level of informatisation in business, the 
information needs of management entities 
are rapidly changing.

Figure 1. Model for monitoring business structure activity for the integration of 
environmentally friendly technologies through the prism of topological  

and metric spaces
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As a result, the requirements for objec-
tivity in choosing information sources and 
monitoring methods are growing. This re-
quires modelling the monitoring of the busi-
ness structure activities through the prism 
of topological and metric spaces, which 

makes it possible to permanently update the 
compliance of the monitoring components 
with the information needs of management 
entities.

The goals of integrating environmentally 
friendly technologies of business structures 
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are complementary to the objectives of re-
gional, national or international initiatives 
towards energy efficiency, renewable energy, 
or the modernisation of energy supply sys-
tems based on the transition to the low-car-
bon economy at the local and regional levels. 
With this in mind, verifying the relevance 
of the business structure and establishing 
the needs of regulatory decisions, as well as 
modelling the totality of goals of the busi-
ness structure to low-carbon transition is 
one of the most important prerequisites for 
the formation of a system for monitoring 
the environmentally friendly technologies 
of business structures. Integrating the mon-
itoring objectives with the objectives of the 
business structure requires the coordination 
of these objectives with the objectives of the 
components of the business structure, the 
objectives of the divisions of these compo-
nents, the objectives of management entities, 
as well as the objectives of the activities of 
the business structure.

The research hypothesis is that ensuring 
the transition to a low-carbon economy re-
quires the application of a comprehensive 
approach to monitoring goals for the inte-
gration of environmentally friendly tech-
nologies in business structures. In partic-
ular, it involves defining environmentally 
friendly hierarchical and causal relation-
ships between goals in business structures. 
The development of a system for monitoring 
the marketing environment is based on the 
goals of hierarchy and causality. This ap-
proach will be the basis for the formation 
of a monitoring system for the introduction 
of environmentally friendly technologies at 
enterprises (according to the types of eco-
nomic activity).

As a result of the study, it is proven that 
the essence of coordinating objectives for 
the integration of environmentally friend-
ly technologies is to avoid contradictions. 
Implementing this task within enterpris-
es (according to the types of economic 
activities) indicates the need to formalise 

objectives of all types and levels, determine 
the sequence of forming objectives and spec-
ify the cause-and-effect relationships be-
tween them. 

Forming business structure monitoring 
activities for the integration of environ-
mentally friendly technologies through the 
prism of topological and metric spaces, in 
particular in terms of formalising monitor-
ing goals, sources of management informa-
tion and monitoring methods, is important 
given the qualitative monitoring parameters 
of business structure activities in the context 
of the transition to a low-carbon economy. 
The practical value of the proposed model 
lies in the possibility of using it to strength-
en climate change resilience in business and 
the transition to a low-carbon economy.

Topological and metric spaces make it 
possible to transform the conditions for 
high-quality monitoring at the input into 
the monitoring system to the results of ap-
plying this system. As a consequence, to-
pological and metric spaces, by means of 
their information and analytical nature, are 
a morphological structure in which all the 
components are connected by causal rela-
tionships, in particular through factors af-
fecting each of the levels of decomposition.

Conclusions
In order to build a system for monitoring 
the marketing environment in the context 
of climate security, it is proposed that the 
study take the goals of hierarchy and cau-
sality. This approach will be the basis for the 
formation of a monitoring system for the 
introduction of environmentally friendly 
technologies at enterprises (according to the 
types of economic activity).

The contribution of this paper to the sci-
ence lies in improving the methodological 
approach to monitoring the environmental-
ly friendly activities of business structures 
in the context of climate security. This ap-
proach is based on modelling through the 
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prism of metric and topological spaces and 
involves the use of tools for the set theory. 
The methodological approach makes it pos-
sible to achieve a high level of information 
content and timely monitoring for the in-
tegration of environmentally friendly pro-
cesses into business structures. Additionally, 
a model for monitoring the business struc-
ture activity for the integration of environ-
mentally friendly technologies through the 
prism of topological and metric spaces was 
proposed. In the context of the study, the 
topological space is considered a continuum 
and a system of subsets.

The practical value of the proposed model 
lies in the possibility of using it to strength-
en climate change resilience in business and 
the transition to a low-carbon economy. The 
practical implications of the study and the 
directions of future research are to build re-
silience in business structures to implement 
low-carbon economy transition strategies 
and plans through integrating environmen-
tally friendly technologies, in particular, di-
versifying energy supply channels, recycling 
renewable resources, testing and imple-
menting innovative solutions for the preven-
tion of climate change, and so on.
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