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Abstract

The paper poses the problem of increasing the efficiency of energy- and resource saving in socio-technical systems,
which consist of resource-intensive subsystems (for example, subsystems of electricity, heat and water supply).

A compositional fuzzy model for efficiency estimating of energy- and resource saving of socio-technical systems is
proposed. This compositional fuzzy model consists of the following models: firstly, a set of fuzzy cognitive

models for estimating the effects of actions on the subsystems’ indicators; secondly, a set of fuzzy rules-based
models for efficiency estimating of energy- and resource saving of subsystems; thirdly, a generalized fuzzy model for
efficiency estimating of energy- and resource saving of system as a whole. The procedure of compositional fuzzy
modeling of energy- and resource saving in socio-technical systems is described.
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these problems in the conditions of inaccuracy and

. incompleteness of the initial data.

1. Introduction According to this, modelling and management of

) . ) . energy- and resource saving in STSs should take into
At present, the complexity of processes in socio-technicalecqynt the following features: firstly, a comprehensive
systems (STS)siincreasing. Therefore, the importance ofy proach of modelling, estimating and management of
the problem of energy- and resource saving in these ST, ergy- and resource saving in STSs: secondly, the
increases under the conditions of complex impact of systefjication of compositional models consisting of sets of
and external parameters, as well as their uncertainty. Thgqqels for implementation of separate stages of modelling,
multi-factorial and nonlln_ear interactions bet_ween thesyaluation and management of energy- and resource saving
parameters of processes in STSs, the uncertainty how 13, esses: thirdly, the use of methods of fuzzy analysis and
characteristics are interrelated and the complexity of tthodeIIing of complex systems and processes, namely the

formalization of the tasks to be SO'|VEd determine th_‘?nethods of fuzzy cognitive modeling and fuzzy logical
urgency of developing modern analytical methods in thi ference.

area. The development and application of intellectual
methods and technologies is a promising direction to solve

EAl Endorsed Transactions on
C 1 Energy Web and Information Technologies
09 2018 - 01 2019 | Volume 6 | Issue 21 | €9



A. V. Bobryakov et al.

2. Problem formulation jth subsystemqg(ak(?)) — an indicator which determines the

Let's assume that the efficiency of energy- and resourCOSt of implementing the action. _
saving of the STSS is estimated by a generalized indicator It is required to choose a set of actio@S) (from

E(9). groups of evem{s&l, A, %} ) to maximize the efficiency of
The systemS consists of subsystems: energy- and resource saving all system, with restrictions on
S={g, j=,.., Jd the financial costs and the tin¥®e(C(S)) of implementation
For the problem being solved: of the set of actions:
S={s s ¢, E(S) O ¥°0- max,
where s,s,§ — energy- and resource-intensive Z q3(ak(f'))s p(s) i=%..., 3,
subsystems of power supply, heat supply and water supply, K0
respectively. T(C(9)< Tl G 9).

Efficiency of energy- and resource saving of STS is
determined by the energy- and resource efficiency of its
subsystems and expressed by the following dependence: 3. Compositional fuzzy model for the

E(9=F(&9, ... €9). efficiency estimation of energy- and

where €&(s), j=1,...,J — an indicators of energy- and resource saving in STS

resource efficiency of subsystems j=1,...,J. .
y y_ R , 3.1. Structure of the composite model
Each subsystems, [0 S is characterized by a set of

indicators Figure 1 shows the structure of the compositional fuzzy
P(s) _{ ( )} =1 L model for the efficiency estimation of energy- and resource
) SRS E L saving in STS, based on the proposed problem formulation.
For the problem being solved: The compositional fuzzy model consists of the sets of the
_ _ following models:
Us; = M(3) _{ R(S). B(S H9, A 13}' « fuzzy cognitive modelfor estimating the effects of
wherep,(s;) — an indicator which characterizes the state of actions on the subsystems’ indicators (power supply,

heat and water supply);
o fuzzy rule-based modefer efficiency estimating of
resource saving potential of thth subsystem;p,(s) - energy- and resource saving of subsystems: power

share in total cost allocated for energy- and resource saving ~ SUPPlY, heat and water supply; o
of the jth subsystem;p,(s) — tariffs for energy- and generalized fuzzy rule-based modek efficiency

_ _ estimating of energy- and resource saving of system
resource savings of tljh subsystem. as a whole.

For each subsystersy, j=1,...,J, its own groupA, of The fuzzy cognitive models are affected by events from

actions has been formed, aimed at increasing its energy- aggbups of measures A, ={a;sn}’ k=1 .. K,
resource efficiency: j i j

A ={ad) k=1

jth subsystem; p,(s;) — an indicator of energy- and

corresponding to subsystem8ls;JS. As a result, the

values of the output variablep,(s;) and p,(s;) of these
Theactionsa” O A , k =1,..., K; are characterized by models, which (together with indicatos,(s) and p,(s) ,

thefollowing set of indicators: do not depend on the impact of the events) are fed to the
) ) inputs of fuzzy rule-based models for efficiency estimating
Q(aK,J ):{qn(ag' )} m=1,..., M. &(s), j=1,..,J of energy- and resource saving of
For the problem being solved: subystems. Then, these estimates are aggregated into a
generalized indicator E(S) of energy and resource
0 (sj) . Q( (Si)): (ési)) ( ési)) ( Si)) _ . . .
& - & al& ) g{ &) a &) efficiency of the entire systen$ using generalized fuzzy

rule-based model.

where 0&(@?’ ) —an indicator which characterizes impact of  sections 3.2-3.5 of this article present more details on
h : <) on ith sub diti ) how to construct and how to use these models for assessing
the action " on jth subsystem con 't'on%(aﬂ ) ~  the effectiveness of energy and resource saving in STSs.

indicator which characterizes the impact of the actgh
on changing the energy- and resource saving potential of the
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Figure 1. Structure of the compositional fuzzy model
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To simulate a change in concept values, the following
equation is used (separately for positive and negative values,

3.2. Fuzzy cognitive models for the estimating w, followed by combining the results obtained):

the effects of actions on the subsystems ]
indicators C,(t+1) = f[cj M+ w Q(t)j,
i=1

The input factors of these models are actiongVhere, as a functiof - a non-linear sigmoid function is
used, designed to prevent the concept values out of range [0,
1lor[-1, 1].
S, j=1, ..,J. The output variables of these models are: the Let's give an example of the proposed fuzzy cognitive
indicator p,(s) characterizing the state of this subsystemmodel for the estimating the impact of actions on the
indicators of the of electricity subsystem [6].
Figure 2 shows the structure of fuzzy cognitive model
potential of thg-th subsystem. . which can be used for estimating the impact of actions
Nonlinear and indirect dependencies between the factorgs) o A, on the indicatorsp,(s) and p,(s), which using
of the models make it possible to justify the using of fuzzy ™ o
cognitive models (maps) as such models [1], [2], [3], [4], [5].for characterizing the state of the subsystgrmand energy-
The advantages of using fuzzy cognitive models are and resource saving potential, respectively.
follows: Modeling of the impact of actions{* OA on the
» formalized assignment of system factors 8fTS, '
and direct, indirect and aggregated influence o

a,ilsi) O A% , k;=1,...,K; for the corresponding subsystem

the indicator p,(s;) of the energy- and resource saving

indicators p,(s) and p,(s) of subsystems is carried out

these factors on each other as well: in accordance with the following stages:
- consideration of the nature and degree of the direct * firstly, setting the initial values of the concepts of
and indirect influence of various factors of the fuzzy cognitive model;
model on each other; « secondly the starting the simulation in accordance
+ flexible analytical tool for various types of STS with the expression to change the values of the
with a constant model structure (a set of system concepts; _
factors and the interactions between them); * thirdly, changing the values of the model concepts
+ modeling of various events to assess and identify (including changing its output indicatons (s) and
the factors and interactions of mutual influence p,(s)) under the influence of the events fréq;

provoking instability of STS;

* modelling the dynamics of changes in subsystems
and the system as a whole, with an assessment of
the impact of various systemic factors, as well as

fourthly, the completion of the simulation either at the
set time, or when the model goes to a stable state, or
when the criterial values of any concepts are reached.
various actions on these changes. Similarly, the Qesignin_g and using_ of fuzzy c_ogr_witive
Fuzzy cognitive model is fuzzy-cause-and-eﬁect-mOdels for estimating the impact of actions on the indicators
networks (FCE-Nets): of heat- and water supply subsystems are performed.
G=(C, W),
where  C={C....G,} _ many  concepts, 3.3. Fuzzy rule-based models for efficiency
estimating of energy- and resource saving of

subsystems: power supply, heat and water
the form of directed arcs with weightsy O[-1, 1]. supply

W :{V\(j i, j=1, N} — many influence relationships in

Indicator w; =-1 means the maximum negative impact of ) ) _
We will use a fuzzy logic approach to design models for

the concept w; =1 — maximum positive impact of the egtimating of energy- and resource efficiency for different

concept C on the concepth, and indicator w, =0 subsystems. This approach makes it possible to take into
. . . c account the uncertainty in the estimating the impact of
determines the absence of any direct influeGcen C; . various factors on energy- and resource efficiency [7], [8],

) N W ] ) [9], [10], [11].
With a positive effectC, — C; and an increase in the ~ " The procedures for the designing and using the proposed

value C, the value C; increases, and with a decrease, itmodels will be considered using the example of the energy-

decreases. With a negative valag an increase in the value and resource efficiency of the power supply subsyssem

C, causes a decrease in the val@g and vice versa. In Step 1. The designing of model's structure. Input variables

addition, it is possible the simultaneous direct influence of 8f the _model: P(s) — the state of the_ subsystem p,(s) -
pair of concepts on each other with a mismatghand w, . potential of energy- and resource saving subsysterp,(s) —
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the share of energy- and resource saving costs of subsgstem
p,(s) — tariffs for energy- and resource saving subsystem

Step 3. Activation of conclusions for each rule.
For example, for the R

The output variable is the indicator of energy- and resource
efficiency e(g) of the power supply subsystem

Harg,, (e(9)) =min(a,, 4, (e(3)))-

Step 4. Accumulation of activated conclusions according

Step 2. The designing of linguistic scales for input and®© all the rules:

output fuzzy variables. For this, typicdl-R functions He,, (6(8)), -
(Gaussian, triangular) can be used [7]. We set the same terms _
for the describing all the variablek £ small,M — medium,H He(s) (e(q)) =max Ay, (e(s_L )) .
- Iargei: ] " y . Hyy (e())
or Pi(8) ~{Lpesy Maer Hacsh Step 4. Getting clear output variable values:
* for py(s) _{Lpz(sl)' M R(s) H 9(15)} ; N
: 2 & a’é(a)( € §)<n>)

* for py(s) —{Ly sy My Hacol g(g) =12 ,

e for Pu() ~{Lpier Mager Hacst: Heisy (09 )

o fore(g) ={Lycy, M ., H,J. whereK — the number of elements in the sampled base set

1 slar e e output variablee(s) .

Figure 3 shows an example of a linguistic scale for
fuzzy input variablep,(s) .

a

Similarly, the designing and using of fuzzy rules-based
models for efficiency estimating of energy- and resource

M saving of heat- and water supply subsystems are performed.

Pi(s)

pi(s) H Pi(s)

3.4. Generalized fuzzy rules-based model for
efficiency estimating of energy- and resource

> saving of system as a whole
p.(s)
Figure 3. An example of a linguistic scale for Th%dpfrocess of_de?:]gninf? at' generali?ed fuzzy rl(JjIes-based
inputfuzzy variablep,(s) modé for assessing the effectiveness of energy- and resource

saving of system is similar to designing a model for a
separate subsystem.

The input fuzzy variables of this model are fuzzy
indicators e(s), €s), €9 of energy- and resource
efficiency of electrical, heat and water subsystems,
respectively. The output fuzzy variable is a generalized fuzzy
indicator E(S) of energy- and resource efficiency of the
systemS. The fragment of fuzzy rules base of this model is
presented in Table 1.

Step 3. Generation of the fuzzy rules:

Rulf pi(s) is L,y AND p,(s) is L, ) AND py(s) is
L And p,(s) isL Then e(3) is L

pa(s) Pa(s)? o(s) ’

Ry:If p(s) is M, AND p,(s) is M, o, AND py(s)

is M AND p,(s) is M Then e(g) is M

Pa(s) Pa(s) ! e(s) !

Table 1. The fragment of fuzzy rules base of this

RvlIf p(s) isH,, AND p,(s) is H, , AND p,(s) generalized model

is H AND p,(s) is H Then e(g) is H

ps(s1) Pa(s) e(g) Input variables Output
The energy- and resource efficiency of the power supply No ) &(s) &s) variable,
subsystem is evaluated based on fuzzy logic inference [7]. E(S
This procedure consists of the following steps. R, Lus) Lugs) Lugs,) Legs
Step 1. Determination of the degrees of membership of | p L L M L
. . . 2 e(s) e($) e(s) E(S)
the values of input variables for all fuzzy statements in the
premises of all rules.
For example, for the R Ry Mes) Megs) Me(s) Mes
Fa, o, (PUS)) o (B(D) H, (BCD) , (B(S).
_ Ro1 Heo) Hees) Mecs) Hes
Step 2. Aggregation of truth degrees of fuzzy statements R H H H H
of prerequisites for each rule. Q &s) &ls) &s) ES)

For example, for the R

o ( (PUS)) e (PR(S),
= m'”(uMM (Py(s) 14w, (Pi(s)

2 EAI

The algorithm of the generalized evaluation of the
energy- and resource efficiency of the system is implemented

J
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in a manner analogous to the algorithm for estimating thmodeling the development of the power system of Moscow.
energy- and resource saving of a separate subsystem. According to the results of the simulation: first, the factors
that have the most significant impact on the problem of
energy and resource conservation have been identified;
secondly, measures are formed and justified to increase the
efficiency of energy and resource saving of this system.

3.5. Simulating for the selection of a set of
actions to improve the efficiency of energy-

and resource saving of system

The procedure for the selection of a set of actiG(s) to
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a’ OA,k=1..K all  resource-intensive

for

subystems{s, s, s} (under the restrictions on the amount

of financial costs and the time of their implementation), an
in determining such actions which provide the maximu 2]
value of the energy efficiency and resource saving of the
system (indicatore(S) ).

The given compositional fuzzy model is implemented abll
software, and as a pilot project in 2018, it was used in
modeling the development of the power system of Moscovm
According to the results of the simulation:

» the factors that have the most significant impact on
the problem of energy and resource conservation
have been identified,; [5]

* measures are formed and justified to increase the
efficiency of energy and resource saving of this
system. [6]

4. Conclusion

The formulation of the task of increasing the efficiency of
enegy and resource saving in STS. The choice of fuzz
cognitive modeling and fuzzy logical inference methods for
evaluating the formation of a set of measures to improve thg]
efficiency of energy and resource conservation in STSs is
substantiated.

A compositional fuzzy model for efficiency estimating of (9
energy- and resource saving of STSs is proposed. This
composite fuzzy model consists of the following modeIS'lo]
firstly, a set of fuzzy cognitive models for estimating the effectg
of actions on the subsystems’ indicators; secondly, a set of
fuzzy rules-based models for efficiency estimating of energy-
and resource saving of subsystems; thirdly, a generalized fuzay]
model for efficiency estimating of energy- and resource saving
of system as a whole. The procedure of compositional fuzzy
modeling of energy- and resource saving in STSs is described.

The given compositional fuzzy model is implemented as
software, and as a pilot project in 2018, it was used in

2 EAI :
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