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DEVELOPMENT OF A METHODOLOGY FOR
CREATING ADAPTIVE ENERGY EFFICIENCY
CLUSTERS OF THE ARCHITECTURE AND
CONSTRUCTION INDUSTRY

06’exkmom docnidcenis € npouec CMeopenis AdanmueHUx KIACMepie enepzoehexmusnocmi apximexmypno-
Oydisenvroi 2anysi. Ha cvo200mniwmiii Oenv 6anciusum ¢ supiuenis ingppacmpyxmypnux npooiem enepzozbepeicer -
18, MoMY OOCHLONCCHHS HANPABACHE Ha PO3POOKY Memo00N02ii cmeopens GYHKUIOHAIbHO CINITKUX A0ANMUGHUX
KAACMepie 6 YMOBAX CMPIMKO 3POCMAIo®020 Oeiyumy enepzopecypcnoi 6asu.

O0num 3 natlbinvuw NPOOGAEMHUX MICUL € CUCMEMIT 6AACMUBOCT KLACMEPIs, SKI YUACMO CMAOms NPUHUHOIO
Heaoexeammocmi Mooeretl, w0 pospodaaomvcs, 0t NEPCREKMUBHO20 NIAHYBANNS Md PO3POOKU cmpamezii pos-
BUMKY KAACMEPHUX OP2AHIZAUIUHUX CMPYKMYP.

B x00i docridacenns npouyecie Gopmysans i npozHo3yeanis MOICIAUSUX CUEHAPIIE PO3BUMKY Klacme-
pie apximexmypno-6yodieeavioi 2anysi 0codaUsa yeaza NPUOLLAEMbC AHANI3Y 0COOIUBOCMEI, WO NO6 A3aH]
3 inepmuicmio npouecie OyoisHUUMEa Ma MPUBALICIIO HCUMMEBO20 YUKLY 00 c¢xmis Oydisnuymea. 3asnaueni
0COONUBOCTNE CYMMEBO SHUNCYIOMb HAOIIHICMb NPOZHO3YBANN HA MPUBALT NPOMINCKU UACY 304 PAXYHOK HEGU-
3nauenocmi i pusuxie pianozo xapaxmepy. Memooonozis, wo po3poOaIemvcs, IPYHMYEMbCs Ha IMIMAUiiHOMY
MOOeI06amH PI3HUX MPACKMOPILL PO3BUMKY KIACMEPI8 Ma 6NPOBAONCEHNT WBUOKUX A0ANMUBHUX AL20PUMMIE 31
360POMHUM 36°513K0M. []e nos’si3ano 3 mum, ujo cyenapii po3sumxy KoxicHoi cghopmo8anoi Kiacmeproi Cmpyxmypu
JUWAIOMbCst 6A2aMOBAPIANMHUMU HA NPOMASL YCb0O20 ICUMIMEBO20 YUKLY 6HACII00K Ol pi3HUX cynepno3uuii
paxmopie enausy cepedosuua. Ipu imimayiinomy modenioeanii 6udip HAUKPAWUX YMOE KIACMEPUIAULL, U0
30amui 3abesnewumu MaKCUMAILHUT CUHEPZIUHULL eherm, TDYHMYEMbC HA NPOZHO3AX, SKI NPOBOOAMbC 3 Ypa-
XYBANHAM PISHUX NOKASHUKIE 308HIUHIX 6NAU6I6. MHONCUNA UMOGIPDHUX 3MIH 6 308HIUHLOMY CePedosuuyi ma
CIMYNiND NAUGY CUCTIEMHUX GLACMUBOCTEN HA MeXani3m adanmauii kiacmepis, na danomy emani po3pooxiL,
BUHAYANOMBCS | OUTHIOIOMbCA eKCNePMAMU.

Bubip naiikpauj02o ynpasiinmus npononyemocs 30IHCHIOBAMU HA OCHOBI CUCTNEMH020 AHAII3Y Pe3Yyibmamie
0GUUCTIOBATLHUX eKCNePUMENMIE, W0 3a0e3neuums GopMyeans onmuMaiIvioi 3a 3a0anum Kpumepiamu
CMpyKmypu Kaacmepie ma ix adanmuenicmv 00 weuokux i nenepedbavenux smin cepedosuua. Onucano npouec
PO3POOKU MAMEMAMUUIO20 THCMPYMEHMAPII0 0Nt MOOEIIOBAHIA ONMUMATLBIOL, 34 NOKASHUKAMU eHepzoeder-
MUGHOCMI, CMPYKMYPU Kiacmepy.

Kmwouosi cnosa: adanmusne ynpasiinus, apximexmypro-oyodieeivra eany3v, epexmuenuil 00’ckm, Kiacmep
enepzoepexmusHocmi, cmpameziuHuil po3euUmox.
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The main subjects of clustering should be energy ge-
nerating and construction enterprises, housing and com-
munal services and final consumers, the combination of
which into cluster structures should lead to a reduction

1. Introduction

Analysis of the world modern market environment shows
that the conditions of a crisis economy, energy shortages

and financing encourage individual business entities to
search for strategic sustainability by conducting interre-
lated activities. One of the essential factors of economic
development and the evolution of socio-economic systems
is the formation of clusters.

Clustering according to the principle of optimizing
energy efficiency indicators in the architecture and con-
struction industry makes it possible to identify public
and private business entities, the interaction of which
will make it possible to achieve economic growth in the
industry as a whole and each individual subject. At the
same time, after clustering, it is possible to implement
effective management systems for cluster structural units
in order to improve interconnections and control resource
sharing between them.

in energy consumption. The advantages that such actors
receive are in the realization of synergistic opportunities
and emergent properties of the cluster as a system. At
the same time, a significant increase in the stability of
clusters as a whole is possible by improving the conditions
for promoting innovative energy efficient technologies and
reducing the level of uncertainty in the supply, distribu-
tion and sale of resources [1, 2].

However, the system properties of clusters often cause
inadequate models that are developed for forward plan-
ning and development strategies for the development of
cluster organizational structures [3]. That is why the work
aimed at the development of scientific and methodologi-
cal foundations of the methodology for creating adaptive
clusters remains relevant.
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2. The ohject of research
and its technological audit

Most often, a cluster is a network of enterprises for
inter-sectoral interdependence, localized by geographic
proximity or a combination of interrelated enterprises and
organizations that reinforce and complement each other’s
competitive advantages [4]. There are other definitions of
clusters [5, 6]. However, in any case, the common for all
clusters is the formation of an organizational structure from
subjects of different profile activities, aimed at achieving
a common goal [7].

The object of research is the process of creating adap-
tive clusters of energy efficiency in the architecture and
construction industry.

The economic conditions in which the clusters of the
architecture and construction industry have recently been
created and are operating rapidly change. This imposes
certain requirements on strategic management, determines
the formation of new goals, mechanisms and tools, not
only in current activities, but also in the long term.

In the framework of the energy saving program, as
a priority to improve the economic security of the coun-
try [8], it is planned to introduce energy efficient tech-
nologies and economical consumption of energy resources.
The implementation of these activities in the construction
industry will affect the volume and structure of their ope-
rating and investment costs.

However, the implementation of these measures by
housing and public utilities, energy generating enterprises
and end users, combined into cluster structures, should
lead to a reduction in energy consumption and the re-
distribution of financial flows.

Thus, in the internal environment of the cluster, forms
of economic relations arise that are different from coope-
ration and competition. Modeling such relationships, taking
into account the influence of system properties on the
mechanism of cluster formation, is one of the biggest prob-
lems. Another problem, which remains throughout the en-
tire life cycle of a cluster, is the multivariance of possible
scenarios and the ambiguity of the choice of management
decisions. This problem is associated with the inertia of
the construction processes and the duration of the life
cycle of construction objects.

These problems significantly reduce the reliability of
forecasting for long periods of time due to uncertainty
and risks of a different nature, associated with stochastic
changes in the external environment [9]. The main task,
which it is necessary to solve in the described conditions,
is the search for approaches to modeling various scenarios
for the development of cluster associations.

The scientific substantiation of the decisions made in
the described conditions requires the development of appro-
priate tool support for modeling the effects of management
and working out the decision-making methodology. This
will ensure the formation of the cluster structure that is
optimal according to given criteria and their adaptability
to rapid and unpredictable changes in the environment.

3. The aim and ohjectives of research

The aim of research is development of a methodology
for creating adaptive energy efficiency clusters of the ar-
chitecture and construction industry in fuzzy conditions.

Achieving the aim determines the need to solve the
following objectives:

1. To propose a scheme for developing instrumental
support of the methodology for creating adaptive energy
efficiency clusters of the architecture and construction
industry in fuzzy conditions.

2. To propose an adaptive feedback control algorithm
based on computational experiments with synthetic analog
models that imitate the activities of structural units and
the cluster as a whole.

4. Research of existing solutions
of the prohlem

The problems associated with clustering processes,
which are aimed at improving competitiveness, business
efficiency and facilitating the promotion of innovations,
are investigated in [4, 5]. However, in these works it is
about the association of enterprises that are similar in
their activities and are in the same region. Such cluste-
ring is carried out according to the criterion of territorial
proximity of enterprises of the same industry.

In [1, 10], various theoretical approaches to the classi-
fication of clusters based on various criteria are considered.
However, the problem lies in the lack of approbation of
the classification system.

The authors of [11, 12] highlight the problems:

— organization and management of clusters;

— competitive advantages and competitiveness mana-

gement;

— implementation of innovations and attraction of

investments by the enterprises of the cluster;

— determination of the effectiveness of cluster activities

and their impact on the ecology and the environment.

The stages and methods of conscious cluster formation,
the experience of many countries in organizing clusters are
indicated in [13]. However, this paper does not disclose
the methodology for creating adaptive clusters.

Among the main directions of solving the problem of
developing a methodology for creating adaptive clusters
found in the resources of world scientific periodicals may
be noted [14, 15], but they do not consider the possibi-
lity of including enterprises and organizations of other
industries in the cluster structure.

A review of scientific sources [16, 17] allows to state the
existence of the scientific problem of forming the theoreti-
cal and methodological foundations for creating effective
clusters under the conditions of a rapidly growing short-
age of the energy resource base. Optimization in terms
of energy efficiency in clustering allows to identify those
market subjects, which interaction will allow achieving
economic growth of the cluster as a whole, taking into
account the needs of each structural unit [17].

In [18], a system of relations between the structural
units of the cluster is explored, which opens access to
joint resources and stimulates the search for optimal and
innovative solutions to common problems.

As a toolkit for determining the best for clustering
elements, such methods as stochastic limiting analysis and
nonparametric method are used [19]. However, these me-
thods do not allow analyzing clusters and their structural
units by many parameters simultaneously. In addition,
foreign models of clusters require appropriate adaptation
to the infrastructural economic, political and technologi-

;12
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cal conditions of Ukraine. To solve this problem, in [8],
a conceptual model for designing energy-efficient clusters
of the architecture and construction industry is proposed,
according to which a cluster is synthesized as a result of
criterion selection from a variety of implementation sub-
jects, capable of ensuring the coordinated performance of
certain functions. Designing a cluster model involves the
transition from setting the «goal» to the task of «func-
tions» and the definition of «structure», which contains
a finite set of functional elements and the relations bet-
ween them. At the same time, clustering involves the
implementation of effective management systems for the
structural elements of clusters in order to improve inter-
connections and control resource allocation.

From the point of view of process management, it
is about the formation of a mechanism for optimizing
joint business processes of cluster enterprises. In this
formulation, the task of forming a cluster management
mechanism can be solved on the basis of monitoring and
analyzing the deviations of the expected values of key
performance indicators from the results of computational
experiments of a modeled cluster organizational structure.
But there remain the issues of creating a dynamic refe-
rence model of cluster functioning and the development of
efficient algorithms for comparing real cluster structures
with a standard.

In simulation, the selection of the best clustering con-
ditions that can provide the maximum synergistic effect
should be based on forecasts that are made taking into
account various indicators of external influences. At the
same time, the multicomponent cluster structure is con-
sidered as a system capable of adapting to external influ-
ences represented by economic, resource, environmental
and social factors.

The management of a system operating on the basis of
such models consists in setting up the internal parameters
of the economic and mathematical equations that model
its cluster activity [20, 21]. But it is necessary to take
into account that the expected value of the integral in-
dicator of the functioning of the system can be provided
by various sets of parameters.

The development of computer technology has expanded
the set of modeling tools in the face of uncertainty through
the introduction of models and methods of fuzzy mathema-
tics, evolutionary modeling and artificial neural networks.
In [22, 23], the models, methods and tools developed for
comparing effective objects are investigated, but they are
not adapted to the conditions of this task, requiring the
acquisition of special software and personnel training.

Thus, the results of the analysis allow to conclude that:
— generalized and descriptive recommendations on the
creation and functioning of territorial clusters and con-
ceptual models of clusters of renewable energy are not
able to provide a solution to the infrastructure problems
of energy saving in the architecture and construction
industry;

— experience of creating cluster schemes is described on

the example of countries that have long been working

in a market economy [13];

— introduction of the latest information technology

modeling cluster structures requires additional material

and intellectual costs.

In addition, there are other questions on this issue,
which still remain unresolved or have a debatable character.

5. Methods of research

When performing the work, various research methods
were used, including:

— system analysis — to simulate the synergistic pro-

perties of the cluster;

— abstractions and analogies — for the construction of

key indicators and the rationale for many explanatory

factors;

— simulation based on dynamic quasilinear equations —

for estimating energy efficiency indicators;

— combinatorial analysis — to create a set of super-

positions of environmental influences;

— expert method — to assess the system’s response to

possible changes in the environment.

6. Research resulis

The realization of the advantages of energy efficiency
clusters over traditional associations is possible only with the
introduction of an effective mechanism for their formation
and the implementation of adaptive management based on
adequate models for predicting the activities of clusters [9, 24].

If the conditions of the functioning of the cluster structural
units are substantially changed, then forecasts based on the
modeling of the performance of the subjects of implementation
based on past statistical data provide the opportunity to:

— determine the future level of the objective function;

— identify and evaluate significant development po-

tentials;

— identify management problems;

— identify sources and assess the internal reserves of

the cluster structural units.

Cluster adaptation to insignificant changes in the en-
vironment is carried out by setting the parameters of the
management model.

Configuring the parameters of the adaptive feedback
control model consists of:

— in the assignment of unmanaged variables of the
economic-mathematical model of numerical values that
these variables can acquire as a result of the effects of
various superpositions of financial, energy, environmen-
tal, material, social and man-made factors to current
conditions;

— by varying the values of the coefficients of the con-

trolled variables in order to achieve the expected value

of the objective function.

Such variation reflects the adaptation of the system
to a changing environment.

The parameter setting algorithm is described in detail
in [24]. A schematic representation of the settings of the
model parameters, according to which control is exercised,
is shown in Fig. 1.

The main source of inadequacy of models for forecasting
is the lack of reliable information about the future state
of the external environment. Rapid stochastic changes in
various interrelated external factors of a modern unstable
economic environment are accompanied by risks that most
likely lead to internal changes in the system. The situation
is complicated by the fact that it is not always clear at the
beginning of changes in the environment that managing the
development of such a complex system as a cluster requires
changing the strategy, since for some time the problem is
«solved» by setting the parameters of the existing model.
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o Ag

values of the controlled variables;

activity indicator; AAf,,, =

The scientific substantiation
of the decisions made in the de-
scribed conditions, first of all,
requires the development of ap-
propriate mathematical tools for
modeling the effects of manage-
ment and working out the de-
cision-making methodology that
will ensure the formation of the
cluster structure that is optimal
according to specified criteria.

Mathematical tools are called
«model-method» pairs for predic-
ting the performance of enterprises.

The instrumental support of
the methodology for creating
adaptive energy efficiency clus-
ters of the architecture and con-
struction industry is developed
on the basis of simulation model-
ing and is intended to simulate
changes in the internal environ-
ment of clusters that can occur
during structure transformation.

The development of the me-
thodology (Fig. 2) is carried out
according to the scheme; it is
a generalization of the develop-
ments [9, 24].

Tool builder — a specially for-
med and trained group of specia-
lists whose duties include:

— analysis of information

about the state of the envi-

ronment;

— development of economic

and mathematical models of

performance;

— justification of the strate-

gic development of subjects

of implementation and imple-
mentation of feedback.

In addition, in Fig. 2 and in
the context of the work:

— expert — highly qualified

specialist, who determines

) Change of model and change
Setting of model parameters

Fig. 1. Schematic representation of the process of setting the parameters of the model [24]:
Zf,, — a function that reflects the expected influence of the external environment; ¢,-”f{ — the expected value
of the objective function; A¢ — the limit of tolerance from the expected value; X%, X7%'; X7, — the best
¢, — the expected value of a key indicator of cluster activity;
AR, — the expected value of a key indicator of cluster activity; H?,,, — the actual value of the key
1 — Af.y; U - control function; ¢ — time period

the knowledge characterizing
the problem, and ensures the
completeness and correctness of
the knowledge entered into the
system,
— subject of implementation —
a business unit that plans to
integrate into a cluster organi-
zational structure in order to
achieve high levels of energy
efficiency;
— standard — a similar com-
pany, the development model
of which is selected for the
simulation modeling of the
development of the implemen-
tation subject.

of development strategy

| METHODOLOGY FOR CREATING ADAPTIVE ENERGY EFFICIENCY CLUSTERS |

v
| Stage 1. Modeling SI activities for integration into the energy efficiency cluster |
v
’—{ Formalizing a strategy to achieve high energy efficiency
* | * PMD
Expert |—>| Integral key indicator TB Boundary conditions and resource constraints |
Model — Analysis of
parameter Model Method Analysis of the conditions of functioning the
analysis selection selection and purpose of explanatory factors ‘L conditions
of
‘x functioning
I A t of the adequacy of its own model based on F |<—| TB | and pu;‘pose
0
factors

| Not adequate |—>| Analysis PMD |<—>| TB | I

¢| Stage 2. Analysis of the experience of similar companies |

Forecast

| Definition of standards I

I—* il

| Modeling ST activities after integration

v
| Stage 3. Modeling of the energy efficiency cluster

| Development and justification of the choice of SI model in the cluster

Analysis of other criteria, boundary conditions and resource constraints

]
|—>| PMD |—>| Structure selection |—> —>| Strategy implementation |—>| F |

Selection of
management model
Fig. 2. Scheme for the development of instrumental support of the methodology
for creating adaptive energy efficiency clusters of the architecture and construction industry:
PMD - person autharized to make decisions; TB — tool builder; 5I — subject of implementation;
F — feedback

Unsatisfactory

Analysis of operating conditions I:

Uncertainty
classification and
risk modeling

Structure 3

TB

14
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The integral key indicator — the objective function —
the main criterion of optimization — the indicator best
describes the degree of achievement of a strategic goal
or the assessment of the consequences of management as
a whole [1, 8].

According to the structure of the cluster are divided
into the following [11, 13]:

— in which large companies form a core, around which

small firms are grouped (structure 1);

— consisting of small and medium-sized enterprises

(structure 2);

— having a fragmented dynamic structure (structure 3).

The formation of a system of key indicators for plan-
ning and managing the internal combined resources of
cluster organizational structures, from the standpoint of
optimizing the structure of the system in the face of
uncertainty, remains unique in each case. It is proposed
to analyze not only the experience of those companies
that are planning to integrate, but also the experience of
other companies that functioned or function under similar
conditions.

7. SWOT analysis of research results

Strengths. The strengths of the proposed methodo-
logy include the disclosure of the significant potential of
enterprises by identifying production capacity and labor
potential, are not used.

Multivariate modeling also allows to:

— optimize the cluster structure based on scientifically

based forecasts of the activities of the implementation

subjects;

— quickly detect the loss of model adequacy due to

controlling based on feedback;

— time to adapt the cluster’s activities to environmental

changes based on adequate models.

The simulation process takes into account:

— features of the geographical location of the country

as a whole and certain of its regions, the geopolitical

component;

— ability of business entities to optimize the distribu-

tion of their own resources.

Weaknesses. The weaknesses of the research include:

— imperfection of clustering development programs and

state support;

— lack of perfect legislation on the clustering of the

economy;

— a small interest in introducing innovations into the

economyj;

— there are no partnership skills with foreign colleagues;

— low awareness of cluster type integration;

— there is no motivation in the community of cluster

members.

Opportunities. The opportunities for research include:

— increasing opportunities for specialization and in-

novation; due to the introduction of new technologies,

the competitiveness of cluster members is increasing;

— rational and effective use of available resources and

attracted investments;

— creation of single financial centers, financial support

for cluster members;

— coordination of the actions of the cluster members

through effective marketing and implementation of or-

ganizational and economic measures.

Threats. Research threats include:

— economic, political and legislative risks;
— restriction of customs and tax laws;

— strengthening state regulation.

1. A scheme for the development of instrumental support
of the methodology for creating adaptive energy efficiency
clusters of the architecture and construction industry is
proposed. The methodology is based on simulation modeling
of various trajectories for the development of clusters of
various structures and the implementation of fast adaptive
algorithms with feedback.

2. An algorithm for adaptive feedback control is proposed
based on computational experiments with synthetic analog
models, which makes it possible to maintain the functional
stability of clusters under conditions of rapid stochastic
changes in the environment. Cluster adaptation to risks of
a different nature is ensured by a set of possible development
strategies that are tested at the stage of structure selection.
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