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Abstract. The paper presents the main benefits of the C€an be useful for the post-war reconstruction of Ukraine
implementation of energy community, for example, Ukraine. [1, 2]. The main goals of the implementation of energy
communities are:

The main expected issues of the creation of renewable energy » to popularize the creation of a distributed power
sources for Ukrainian energy communities are highlighted. For generation system in Ukraine [3, 4];

finding of optimal condition of photovoltaic (PV) system « to promote the growth of investment in
operation is used criteria method. renewable energy;

Design, simulation and improving of PV system and householder * 10 JUSt'fY_the role of civil society in this energy
was in PV*SOL Premium. The paper considers the features of community development process;

mathematical modeling of the optimal decision-making process » to focus on the green recovery of Ukraine;

in PV complex dynamical systems in terms of analysis and « to mitigate climate change;

evaluation of their sensitivity. The perspective of the application .

sustainable development of local communities;

e improve power quality [4, 5];

* increase energy safety;

Next, is devoted to forming mathematical models to analyze the » develop and popularize the prosuming model

sensitiviy of the optimality criterion. Models of optimal control [6]
with eigenvalues and vectors are considered.

of criterion modeling in problems of optimal control, in particular
for the analysis of the sensitivity of optimal decisions, is shown.

_ In Ukraine, there is still no clear simply understanding
Key words. Energy community, renewable energy and efficiency mechanism for the creation and operation
sources, photovoltaic system, criterion optimization, of an energy community. Government and non-

objective function. government organizations (for example, Non-government
organization  Agency  Sustainable  Development

1. Introduction SYNERGY, Ecoclub, and so on) are already working in
this direction, and the first project will be visible soon [7-
9].

It is becoming increasingly difficult for Ukraine to
maintain the planned growth of renewable energy sources.
In the context of the two-year war, energy dependence is
definitely a priority for the economy of Ukraine and most
European countries. The world's experience of developed
countries in creating and operating an energy community

Many problems must be solved for efficient renewable
energy source implementation in community energy. It is
necessary to take into account not just current financial,
legal, and social preconditions for the emergence of a



movement to create green energy communities inibdéra
at the local level. Developing a roadmap for comities
and renewable energy supporters are relevant. iedhn
tasks like design RES, develop of recommendatian fo
operation and so on has high priority [10]. Forrapte,
the optimization of the accumulation system for the
renewable energy sources (RES) energy communitpean
more crucial than for the industry PV system [13-14
[15] noted that PV systems are more popular in lokra
than wind or small hydropower plants.

Mathematical modeling in the problems of energy
community PV system operation optimizing the capndi

of such systems has specific features, exactlynieah
metrological, economic, law, and social. In thegramore
paid attention to a mathematical model common révite
optimality [16]. It is necessary to take into acabthe fact
that energy community PV system is dynamic systeédms.
stage design is importantly take into account
maximization of power generations and minimalizatio
consumption from grid by the way optimization power
consumption.

The final technical and economic effect of the dyia
systems operation conditions control assesmentethdy
results of the practical implementation in energy
community can be:

* how much money they saved for bill in energy,

* how much citizens start use energy more saivly,

* how much kWh is generated by their RES.
Observed objective task has two aspects: matheahatic
modelling and practical simulation. Mathematical
modelling of optimal control of a complex systemV(P
generation and citizen consumption) can be decwiéu
helping criterion method. Practical simulation ayiEm
PV system and developing recommendations for ciiie
possible realize in PV*SOL Premium software.

In the problems of optimal control of a complex PV
system with a quadratic quality criterion duringe th
determination of sensitivity of optimal solutiortgete are
certain difficulties. This is caused, first of alby the
incorrectness of the inverse sensitivity probler®][117]
proposed an effective method for solving such pois. It

is based on criterion modeling.

2. Implementation of mathematical model

In this paragraph algorithm for sensitivity anatyspf
optimal control RES and citizen consumption system
whose criterion model includes eigenvalues and
eigenvectors are discussed. Criteria modeling re®the
transformation of the original mathematical modebia
dimensionless or criterion form of writing, wherk the
values involved in the control process have thenimggof
similarity criteria.

Mathematical modeling in the problems of optimizihg

conditions of such systems has specific features.

Optimization function is posinom. Criterion prognaiing
method has good results for decided optimizatick taf
posinom with limitations [18, 19, 20]. Simplex meth
linear programing methods and other work with Jalgs,

criterion method works with criterion similarity.
Criterion similarity doesn’t have units and compmgare
influences different paraments on the objectivectiam.
When developing a mathematical model, it is necgssa
to take into account the fact that the final techhiand
economic effect of the control of conditions of dymic
systems is determined by the results of the prlctic
implementation of the optimal conditions that are
planned [21, 22].

The optimization task RES control in the war
environment with complex criterion optimality care b
presented in mathematical (Eq.1-2) and graphical
interpretations (Fig.1):

minimize the control function

F(u) = [ [x(0)Qx(t) + (1) Ru(®)]dt. (1)
in the area of limitations
% = Ax(t) + Bu(t); x(t,) = x,;
y(t) = Cx(t) + Du(t), )

where
x(t), u(t), y(t) are respectively the vectors ofhitiations,
control, and observation;
A; B; C; D; Q; R are matrix of constant index;
to, & are time interval beginning and end;
Xo is the initial value of the condition vector.
The first equation in system (2) is the equation of
condition of the system, and its solution satisfyithe
initial requirement x = Xx(i), gives the vector of
condition x(t)=p[x(to), u(t)]. The second equation in (2)
determines the output parameters depending orar()
u(t). The criterion of normal conditions controltivpality
of the EPS can be an economic criterion — a minimém
costs or losses, provided that the specified requénts
for reliability and quality. If the problem of optal
control of the conditions of system is set in sactvay
that at the stage of formation of the goal functitme
purpose is to obtain control laws in the form cangat
for their further automatic realization, then thausion
(1), taking into account (2), has the form [20].

3

u(t) = —w y(),
where w is the feedback matrix.

Expression (3) is the law of optimal control, the
implementation of it allows us to achieve the minim

of function (1). The most famous direction of
deterministic functional-adaptive control systerasthe
control with an etalon model [20].

The scheme of such an adaptive system with a refere
model is shown in Fig. 1. In the case under comatam,
when the objective function of the optimal control
problem has a quadratic shape, it is necessaryrdo p
transform the latter. Information of observatiorctes y

is compared with parameters etalon model (that
simulated in PV*Sol Premium). In case, when dewiati
between etalon model parameters and current staite o
object is more than error measurement devices addru
limit sensitivity objective function, parameters adntrol
vectorsu,, are calculated and implemented. Corrective
crion influence after calculation u(t) impact toeth
system. Obtained vector of observation in main t&un



will compare with observation vector of adaptation
counter, and algorithm will repeat.

consider the sensitivity of eigenvalues, using ttethod
described in [16]. The essence of this analysigois
determine the reaction of the system when the

If the target optimal control function is writtes FL8] eigenvalues| andr change ta\q andAr.

(Fig.1):

F=x,Q0x+ uRu, (4)
then after the transformation of the quadratic fatrmaill
look like:

Let the matrice®) andR be positively defined and have
different  eigenvalues and their  corresponding
eigenvectors. This is true, for example, for theveo
system [17]. Consider the matrix

Q(Ag)=Q+Aqa,
wherea is a real matrix. Similar actions can be given in
relation to the eigenvaluesof the matrixR.

F =% qX}+ XL UL ®)
y ul“

Etalon model
A—\dap@

A 4

The eigenvalues of the new matf¢Aqa are denoted as
g(Ag), and the eigenvectors a®(Aq), i =1.m. The
quantities g (Ag) and S(Aq) are inseparable and

differentiated functions of the small parameter There
are convergent power series:

— d 1 .
Main countour ) y g (Aq ): q+ ZF mq A q (10)
="

Corrective actions u

Fig. 1. Adaptive control system with a etalon model 21 :

S (Ba)= $+ZFE6 P c (11)
In (1): x andu are the vectors of state and control of the 1=
system; Q and R are symmetric matrices of constant
coefficients. In (2):q; andr; are the eigenvalues of the
matricesQ andR, respectivelyX = Sx, U = T, where$
and T, are the transposed eigenvector matrices of the

where

dlg (A

matricesQ andR, respectively.
Convert (2) into a criterion form. Since (6) isidafor any
values of the variables X and U, is written:

m m
Fin = ZQi X +Z FU5. (6)
i=1 i=1

Criteria for the similarity of the process thatotimized
and described (6) are determined by the methodtegial
analogues [16]:

_ G X% _ {UIZO
=4, oo ™
Fmin Fmin
From (7) it follows that
2 2
_ g X _ U
Fmin - IX'D or I:min - Tﬂ::o . (8)

Dividing the left and right parts (7) by, and

substituting the value df,;, from (7) in the right part, is
obtained the criterion relation between the optityal
criterion and the parameterS'

qIXI + TU2= - QXZ + . iruz
mln Zl mln ; mln ;q XIZO ;. rL'lIZO
T 0
or
R =Y X2 +> my?, )
i=1 i=1

whereF. = F/Fminy X = Xi/XiO! U« = Ui/UiO-

The peculiarity of the application of criterion agbn (9)
for the analysis of the sensitivity of optimal smas is
that the similarity criteria (8) are determinedlirding by
the eigenvalues and vectors of the matrices ofiritial
mathematical model of the optimized process. Tloeeef

Aq=0 ©

_(9's@q)
{7y

For eigenvalue (9) and eigenvector (10) have:

Q(Aq) B5(Aq) = q(Aq) [5 Q(Ag) BS(Ag) = q(Aq) T
S(Aqg). Ag).

Differentiating the last relation byq and multiplying it
scalarly by the eigenvector & the transposed matrix Q,

is obtained:
(0§ .2 )+[— Q7- zj % s,z

dAq ong T
As a result, for the sensitivity coefficient of thiest
order, taking into account the fact that the vexctifrthe
original and transposed matrix are orthogonal, is

obtained:

6qil = (GS—’Z) (12)
(S.4)
Thus, to determine the sensitivity coefficiedu; of the
first order eigenvalug; by formula (12) it is necessary to
know the derivative of the matri®Q (Aq) by g and the
corresponding vectors; &nd Z All these values are
determined af\q = 0 [18-20].

Often in practical problems varies one of the eleth®f
the matrixQ, such as g ThenAq = ¢4 and the matrixx
has only one nonzero element. With

9a
Sy == (13)
0Aqy
lej%
J:



wheres;, z; are the appropriate components for the vectors expected problems and ways of solutions are pregént

S andZ,.
When the diagonal element of the matpwaries, for
exampleqy, have:

00
aqil ql — Sk Zk

S. a
,Zi j 4

When the matrix Q is symmetric, the source andpeasesd
matrices coincide, then, as shown in [18],
as .4
o0y, = ( )
(5.2)

and, respectively, (9) and (11) are transformed:
00 _$i% oq 7

K
0AG < 2' 0AG < 2.
Si S
JZl : ,Zl j

If the eigenvectors of a symmetric matrix are ndirea,
then the equations for the sensitivity coefficiedty are
simplified because their denominators are equabne.
Similarly, are determined the sensitivity coeffitie for
the study using (3) the relative influence on thtedon of
optimality of the component, which is determined thg
control variables. Accordingly, it is obtained th#ie
general expression of the sensitivity factor

5"i1 = i :—tilyik

0An,

(14)

: (15)
G Vi
j=1
and for a symmetric matrix R [18]
o _tiwe  On _ ti
0Ary, &, ANy, &,
26 2
j=1 j=1
In the last expressiongandy;, respectively, components
of the vectofT; and eigenvectoY; of transposed matriR.
Taking into account (3), (14) and (15) the critech
similarity of the optimized process are determined
n.i><l:(Qi+5Q1)>§20 _l:(ri+5ri1)Ui2()_
Fmin Fmin
These values of the similarity criteria are used8h for
the criterion analysis of the sensitivity of thetioml
solutions to the system parameters. If the optsodltion
of the task (3) is realized by means of an autaratntrol
system, the law of optimal control is realized, thter
taking into account (8) and (16) takes the form:

uj(t)=—i(r¢’+6r¢i)>{(t).

(16)

17)

where
dr,u 2
oY = il |0_
Tt]l Fmin
Thus, the considered method of estimating parametri
sensitivity together with the method of sensitivitiyalysis
of the criterion of optimality to change of contrariables
u, described in [19], allow building an effectivigarithm
for studying the quality of functioning of the sgst that
implements optimal solutions, provision, and opearat
conditions. Successful cases of application P\esysn
power grids, which possible use for energy comnyunit

papers [23-26]. In [27] noted hybrid solution fok P
system with take into account type of load. Authiors
[27, 28] shown how possible increase efficiency PV
modules.

3. Verification on model community power
engineering system

3 properties belonging to the local authority wehesen
for purpose of the model community power enginegrin
project. The precise location is under information
embargo because of strategic objects in war camditin
Ukraine.

Location 1 consists from 1029 modules installed on
unshaded parts of flat roofs of the complex witktatied
capacity 524,79 kWp. Location 2 contains 271 maslule
on flat roof with installed capacity 140,92 kWp and
Location 3 has the installed capacity 380,12 kWp
consisting from 731 modules on unshaded partsatf fl
roofs. Fig. 2 demonstrates the situation for Lanafi.

~

Fig. 2. Loction 1 (PV*Sol Premium)

Location 1 supplies the community including some
municipality properties, school and hospital. The
Location 2 and Location 3 are in parallel to prdétin

Location 1.

Fig. 3 shows the annual load chart of the model
community.
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Fig. 3. Community load chart (PV Sol Premium)



Location 1, 2, and 3 are pointed out on the roofiopghe
Fig. 2. Module capacity and type 1 is Trina Solad 3
Triple Cut PERC Mono Solar Module Vertex-SP.V. cell
For Location 2 and 3 used 520 W Solar Panel TFL-
210X30_10_36. Parameters considered for optimiaaifo
the same building are meteorological parameters
(irradiation, humidity, wind speed and so on) aechhical
characteristics building. Tilt angle is used foieatation

is 39 degree.

4. Simulation of the model community power
generation and consumption

Power generation and consumption simulation were
calculated respecting different conditions to werthe
mathematical model presented in the first chagiay. 4
demonstrates the basic consumption and its coverage
without any optimization of consumption and with@uty
accumulation. It allows to find the criterion reédat
according to equation (16).
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Standly consumption
(invertor)
Covered by grid

B Appliences
Hospital 434 beds

Fig. 4. Non optimized energy coverage (PV Sol Poemi

Fig. 5 demonstrates the daily load chart and ie@ge
after optimization of the system using eigenvectors
according to equations (8) and (9). In the figuree8
curve is PV energy (DC) without inverter down-reggidn
[W]; blue curve is rated PV energy [W]; yellow ceris
consumption [W].
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Fig. 5. Daily load chart and coverage (PV Sol Pran)ji
In future research, will be study energy storageesy.
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4. Conclusion

1. The similarity of characteristics of automatiptimal
control devices for PV system and energy community
consumption is established. The possibility of

representation of transfer functions in the criterform

is shown. Thus, criterion models can be used teesol
optimal control problems between PV system and
regulation householdres consumption.

2. Mathematical models of process optimization are
constructed, which connect the criterion of optityal
with the parameters of control and observationctses
when as a result of transformation of the quadratim

of the objective function into canonical coefficien
contain eigenvalues of matrices. It is shown that
eigenvaluesare included in the expressions of atityil
criteria.

3. A method for estimating the sensitivity of a
mathematical model of optimal control using eigdnea
and vectors has been developed. The expressions of
sensitivity coefficients of eigenvalues and vectevkich

are included in the criterion model of the studiedcess,
are obtained.

4. A method for determining the sensitivity coeffitts

of similarity criteria has been developed. In théoanatic
implementation of the optimization results, the tcoh
actions are determined taking into account these
sensitivity factors.

5. PV system model and demand of householder was
simulated in PV*SOL Premium.
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