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OPTIMIZATION OF CONNECTION SCHEMES AND OPERATING MODES
FOR RENEWABLE ENERGY SOURCES IN LOCAL ELECTRIC SYSTEMS

The problems of upgrading of work of renewable energy sources is examined in this work, namely decline of level of
losses and increase of level of quality of electric power. For receipt results was modelling the mode optimality conditions for
local electric systems with renewable energy sources by complex criteria, as well as developing a mathematical model for
evaluation of power losses sensitivity in local electric systems to changes of renewable energy sources power generation will
allow to create conditions for providing efficient local electric systems functioning. The presented method showed that the
consideration was reduced by the disappearance of renewable energy sources by the criterion of electricity operation and by
the criterion of loss of electricity in its transportation, the effective functions of the functioning of the related energy sources
in the local electrical systems at the design stage. As a result, the values of the weighting coefficients were obtained, which
optimally set the renewable energy sources power in local electric systems and optimize their daily modes. In parallel to this
study, it was shown that in order to calculate electricity losses, it is necessary to take into account the bidirectional flow of
electricity during the calculation of the load factor shape factor.
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BiHHMIBKHI HAI[IOHATIBHIN TEXHIYHUN YHIBEPCUTET

ONTUMIBALIA CXEM ITPHENHAHHSA TA PEKUMIB @YHKIIOHYBAHHSI
BIZHOBJIIOBAHUX J’KEPEJI EHEPI'II B IOKAJIBHUX EJIEKTPUYHUX CUCTEMAX

Y daHitll po6omi posaasdaemobcsi numaHHs nidguujeHHs stkocmi po6omu 8i0HO8108AHUX dcepes eHepell, a came 3HUNCEHHS
pigHsi empam [ nidsuweHHs1 pieHs siKocmi esnekmpoeHepzii. 3ad/s1 ompumaHHsi OQHUX 6Y/10 Npo8edeHO MOOeal8AHHS YMO8
ONMUMAAbHOCMI pexcumy JI0KAbHOI eseKmpuyvHoi cucmemu 3 8i0H081108aHUM dicepenamu eHepeii 3a KOMNJAeKCHUM Kpumepiem, sikull
8paxosye npubymok 8id npodaxcy esekmpoeHepeii, ii skocmi ma empamu Ha MPAHCNOPMYBAHHS eAEKMPUYHUMU MEPEXCAMU, A MAKOHC
p0O3p0o6/1eHO MameMamuyHy Mo0eab 0151 OYIHIBAHHS Yym/aAugocmi empam nomyxcHocmi 8 JI0Ka/bHUX eJeKmpUYHUX cucmemax 0o 3MiH
nomyxcHocmi 2eHepysaHHs 8I0HO8/A08AHUX Oxcepesa eHepeii, B pesysbmami ompumanu 3HayeHHs1 8azosux KoedpiyieHmis, 3a siKux
docsizaembcsi ONMUMAALHO 8CMAHOB/AEHA NOMYXCHICMb 8i0H08I08AHUX OXcepesn eHepzii 8 J0KANbHUX e/NeKMPUYHUX Ccucmemax ma
onmunmizayii ix do6osux pexcumis.

Katouosi cnoea: 8idHosa08aH] daicepena eHepzii, 10KAAbHI eeKmpPUYHi cucmemu, 8mpamu es1ekmpoeHepeii, pexcumu, mepesica.

Introduction

Problem of renewable energy sources (RES) functioning optimization in local electric systems with the aim
to increase revenue, providing qualitative power supply to consumers and decrease of power losses nowadays is still
not much studied [1]. Important thing here is studying RES influence to local electrical systems (LES) operating
modes, and also considering interference of LES parameters, at the same time.

RES owners are often forced to compensate baselessly overstated normative power losses to electric power
market or to third parties. For example, for small hydropower plant (SH) compensation of losses may reach up to
20% from supplied electric power. This, in its turn, leads to reduction of profitability expected from investments to
SH building and restoration.

Studying of RES functioning with the aim to optimize the place of their connection by the criteria of
minimal power losses in LES, modelling of mode optimality conditions for LES with RES by complex criteria, as
well as developing a mathematical model for evaluation of power losses sensitivity in LES to changes of RES power
generation will allow to create conditions for providing efficient LES functioning.

So, in this article problems of calculating optimal power of RES in LES and forming optimality conditions
of their functioning by complex criteria that considers revenue from electric power sale, its quality and losses for
transferring by power networks are solved.

Methods

Considering the specifics of providing LES profitability, it’s worth solving the problem of calculating the
optimal power of conditionally controlled renewable energy sources PjRES, j=1,2...n by complex criteria that takes
into account conditions of multilevel power market tariff y; and indexes of LES functioning efficiency. As
components of optimality criteria for functioning showings of the mentioned above system it’s worth using power
quality showings and losses for its transfer by LES networks [2] to provide maximum revenue from their electric
power realization.

Depending on the goal set, the mentioned problem may be solved as a design problem — to define optimal
established power, and as exploitation one — to optimize daily modes of renewable energy sources operation,
according to prognosticated LES load schedule.

Method of calculating optimal established power of renewable energy sources in local electric system

To solve the problem of calculating optimal established power by complex criteria considering the specifics
of providing LES profitability, it’s worth using such an expression of total revenue from RES functioning,
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connected to parallel work in LES:
n
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where  P; — established power of RES j, kW;

J

z i tariff for electric power production by j RES («green tariff»), kop/kW-hour;

kfj — factor of using established power of j RES;
T — load schedule duration, hour

Considering (2.1), target function of the problem on choosing optimal established power of renewable
energy sources in LES looks like:
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where € 1, e’ - exponential dependencies that determine level of influence of optimality functioning
criteria;

zZ, = kl : (1 - P (Uy allowable T )) —index of regression equation that considers limitation of revenue

from RES functioning by criteria of electric power quality;

Z, = k2 : (1 - P (A VVallowable’ T )) — index regression equation that considers limitation of revenue

from RES functioning by criteria of electric power losses to its transfer;
ki, k, — weight coefficients of regression equation, for correction of fractional optimality criteria influence
to optimization results;

P (l]y allowable T) — probability of providing normative power deviation for established reporting period
T,
P (AW

aloowable T') — probability of providing normative power losses for established reporting period

Pl — load power of g consumption node, g =1,2...m;
g

Plim

Value of RES optimal established power in conditions of multistage power market tariff z; and keeping
limitations on carrying capacity of power lines and power quality in LES will be the solution for optimization
problem (2).

So, method of calculating optimal established power of renewable energy sources in a local electric system
was suggested, that creates preconditions for increasing functioning efficiency of renewable energy sources in local
electric systems at the stage of design. This occurs due taking in consideration limitation of revenue from RES
functioning by criteria of electric power quality and criteria of power losses that happen during its transfer, as well
as correcting influence of optimality partial criterion to optimization results.

Method of optimization daily generation modes of renewable energy sources in local electric system

Problem of optimization daily modes of renewable energy sources optimization according to
prognosticated load schedule of local electric system is shown [2]. Array of n controlled RES (on example of SH)
and array of conditionally controlled — wind and solar farms, expected value of total revenue from their functioning
is:

— carrying capacity of LES in electric networks that is limited by the weakest area of the network.

M= cye M,V + nigpp M. 4)
where 1y — tariff on electric power production by j RES, kop/kW-hour;

1gpp — tariff on electric power production by j SPP, kop/kW-hour.

Conditionally controlled and instable power sources like WF and SPP in target functions and limitations of
optimal control problems are presented by expected value of time dependence of electric power generation M,
M3 for time period ¢ € [fo; #.].

In the capacity of control variables, SH electric capacities are taken, as they are the less dependent from
influence of environment and may alter within rather wide limits not leading to notable losses of energetic potential
of primary energy sources. Components of power losses in LES are determined by conditionally controlled RES and
small HPP power flows, they are functions from electric capacities of generating last ones and should be considered
in target function (2) for exploitation problem of daily schedules optimization.
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To solve the mentioned problem (on time period [f; #]) of controlled energy sources PJ-RES(t), j=12...n
(for example, SHPP) considering modes of conditionally controlled sources, the expression (1) becomes:

|l n
RES,/ \ _ RES
C™0=[2z;- P> dt+ XM, . (5)
tolJ=1 t
According to (2.5), target function of daily modes optimization problem in renewable energy sources in
LES will become:

F()=CR5(r) - e . 72 s max ©6)
with limitation:
ZIP].RES )+ M+ M - LA, (D<A, ()
J= g=

where  Zj (t) = kl (1 -P (UYallowable’t)) — index of regression equation that considers limitation of

revenue from RES functioning by criteria of electric power quality, at time moment t,

Z, (t) = k2 (1 - P (APallowableﬂt)) — index of regression equation that considers limitation of

revenue from RES functioning by criteria of power losses on its transfer at time moment t;

P (UYallowableP t ) — probability of providing normative deviation of voltage at time moment ¢;
P (APallowable ’

Values of optimal generation powers of single RES PJ-RES according to prognosticated LES load schedule by
complex functioning criterion will be the solution for optimization problem (6).

Optimization of daily modes expects involvement of controlled energy sources (for example, SHPP) as
balancing for capacity to keep optimal total power of the complex of RES in LES according to (6).

To solve problems (2, 6), there is a set of methods and approaches [3] that are widely applied in power
industry [4] to find numeral solutions appropriate to an array of incoming data (current vector of system’s
condition). Algorithm realization and examples of solving mentioned tasks is given in next chapters.

Results

. . —ky-(1-P (U T —ky-(1=P (AW, T
Regression dependencies € r (=P (Uavaliowable ))’e 2 (=P (AWallowable )),suggested in clauses | and

t) — probability of providing normative power losses at time moment ¢.

2 are exponential functions. Their power indexes consider limitation of revenue from RES functioning due to
inadequate electric power quality and electric power losses to its transfer.

Weight factors of regression equation that define the degree of influence of optimality functioning criteria
may be defined with the use of expert evaluation method, use of correlation analysis, graphs method, method of
extreme and nominal values, methods of regression analysis and other economic and mathematical methods [5].

Considering index dependencies in expressions (2) and (5), it is thought reasonable to use methods of
regression analysis [6] that consists in analytical finding of weight factors on regression equation basing on
statistical information.

According to rules of using electric power [7], in case of supplying electric power that has quality
parameters out of indexes limits mentioned in agreement on power supply, the supplier of electric power by
regulated tariff is responsible before consumer in the amount of twenty five percent of cost of such power amount.
That means, at certain assumption that profit from RES exploitation for indicated time period will make up 75%
from total revenue.

So, value of weight factor k; of regression dependence may be defined for extreme conditions

> T) =0 and F(Uav allowable
e 10 20,75, &

P (U D owable ,T )=1 from exponential function:

| =—1n(0,75)=0,288.

At condition of keeping normative deviation, in other words, in case when P (U, ,T)=1, established

av >’
value of weight factor of regression dependence will not influence on optimization results.

With the aim of compliance testing of attained weight coefficient, a set of calculations was made and
accordance between statistical data and offered regression dependence was examined (fig. 1). Factor of regression
dependence correlation is equal to 0,995, this testifies about high adequacy of formed mathematical model to
statistical data.

Weight coefficient k; is defined with consideration of «Order of calculating payment for transfer of electric
energy of own production at electric power supply by non-regulated tariff» [8]. According to [9] volume of
technological expenses at electric power transfer in condition of supplying electric power, for example, to
consumers of II class (at voltage degree on limits of balance appliance between power producer and power transfer
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organization 0,4 — 10 kV) is defined by formula:

VVI chl[ _

ossloss] —

1 k WconlI ]
— KEENTEEP g r ®)

where Wl s Jossy — volume of technological expenses when transferring electric power, MW/hour;

0.

ch ;7 — volume of consumed electric power by consumers of II class MW/hour;

k EFNTEEP — €conomic factor of normative technological expenses of electric power to transfer of electric

power by networks of II class (k ernTEEP = 05,1292 for PISC “Vinnytsiaoblenergo™ [10]).

Performing the analysis of expression (8), it’s possible to define the rate of normative technological
expenses to transfer of electric power in electric network of PJSC “Vinnytsiaoblenergo™ by local electric networks

*
for II class of voltage to III - IV quarters of 2017 and I quarter of 2018 that makes up Wloss Joss1~15%0 from volume

of consumed electric power by consumers of II class MW/hour.
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Fig. 1. Graphic display of observation vector for voltage deviation probability and its exponential dependence
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Fig. 2. Graphic display of statistical data of power losses normative deviation and suggested exponential dependency

The mentioned economic factor considers losses to transfer, technological expenses, commercial and other
types of expenses related to electric power transfer. That is, relative value of actual losses to electric power transfer
by LES networks will not exceed 15%, and normed value is regulated for every distribution network by internal
normative documents of electric power supply company according to “Methodical recommendations for defining
technological expenses of electric power in transformers and power lines” [10].

So, value of weight factor k, of regression dependency may be defined for extreme conditions

P (AVVallowableP T ) =0 (exceeding of normative technological losses of electric power to transfer of electric
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N —
power E contl =35%), P (AVVallowable T ) =1 from exponential function:

e =085 k) =-In(0,85)=0,163.

Correlation factor of attained exponential dependency with statistical data equal to 0,955 indicates about
high adequacy of formed mathematical model to statistics data (fig. 2).

So, to solve established problems of defining optimal established power of RES in LES and optimization of
their daily modes, it’s necessary to use weight factors £,=0,288 and k,=0,163. To calculate electric power losses, it’s
reasonable to consider bidirectional nature of electric power flows during calculation of load schedule form factor,
and for algorithm implementation — application of numeral methods for solving optimization problems.

Conclusion

From the results of theoretical studies and practical calculations regarding RES influence to EN operation
modes it was found out that the problem of defining optimal power of renewable energy sources in local electric
systems is reasonable to be solved by complex criterion that considers revenue from RES functioning, electric
power quality factors and losses to its transfer by LES networks. When defining the index of electric power quality,
it’s worth using the probability of providing normative deviation of voltage and electric power losses for specified
report period. This allows to minimize possible disadvantages of design solutions and improve the efficiency of LES
functioning.

It was shown that using of provided approach to define optimal established power of renewable energy
sources allows to increase the efficiency of local electric systems operation by limiting established RES power,
optimal with consideration of electric power quality and power losses, on the stage of design.
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