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Abstract — This paper is devoted tothe analysis of

parameters of a city power supply system, which is

performed using a high voltage load-center supplyystem,
taking into account modern tendencies of developmérof
big cities. A distinguishing feature of modern soeity
development is a constant growth of a number of bigities
and their population, as well as development of posr
supply for both utilities and industrial area. Such a
development of cities and utilities goes along witkignificant
growth of power consumption which requires new powe
sources. It's essential to foresee the constructioof power
sources such as high voltage load-center supply &®s

(LCSS). It was created a unique topology and techno-

economical model of the load-center supply systenorf
peripheral districts of big cities. Based on the foned

techno-economical model it was carried out a techro
economical analysis of the load-center supply sysbs

feasibility and optimization of its parameters. Reslts of the

research and their analysis are shown in the presesd

article. The load-center supply system is a compulsp

element of the power supply systems of big citiedn

addressing the optimal implementation of the powesupply

system in peripheral areas of large cities it is guired

examination of the topological characteristics ofte districts

and the schemas of their power supply. The obtainesults

allow us to make decisions for the construction o& load-

center supply system for peripheral districts of tle city, and
also to choose the optimum site for the constructioof the

load-center substation regarding to the power sour

Keywords — Load-centre supply system, techno;
economical model, power supply systems, topologic
characteristics.

I. INTRODUCTION

A distinguishing feature of modern society develepm
is the constant growth in the number of big citexl

Such high consumption growth rates require new powe
sources. It's obvious that it's a significant prerdol to
build new power plants within the city boundariésis
also not quite possible to transmit the requiredwam of
electric power from the remote sources to consumers
through 10-20 kV grid. That's why it's essential to
foresee the construction of power sources suchigs h
voltage load-center supply systems (LCSS). Thig fac
leads to the necessity of researching economidhkly
efficient construction of load-center supply systeas
well as defining and calculating their parameters.

In the precedent research examples [2-6 etc.] mainl
LCSSs involved into city centers were examined. But
under the modern conditions of expansion of city
territories the construction of LCSSs in new peeigh
districts located not far from the external poweurses
becomes a reality.

Il. TOPOLOGICAL CHARACTERISTICS

In this case it is more reasonable to supply aiaeatf
consumers directly from the external power source

aBhrough the medium voltage grid. That's why a new

topology model of the power supply system was desig
for big city districts receiving power supply framoth an
external power source and a radial load-center line
(Fig.1). The distribution of electricity from LCS%
produced by magistral cable medium-voltage lines, a
each line feeds the same number of transformer

their populations, as well the development of powesubstations, which in turn have the same poweriand

supply to both utilities and industrial
development of cities and utilities sees an accayipg

significant growth of power consumption. For exaepl

area. Suchalso equally spread throughout the district teryif@]. A

low voltage network is also equally spread.

One of the main issues of LCSS planning is théntgdt

i Moscow from 2000 to 2010 the power coNSUMPtION g -4tion of the load center substation (LCS). Tforee in

increased from 38 to 53 bn. kWh, and according t%ddition to power of LCS3s the following parameters

forecasts by the year of 2025 it can reach 96 Wh.{1]

as optimum parameters were considered:
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Fig. 1: Topology model of power supply system afipieeral district of a big city from an externalvger source and a radial
load-center system

Lpsy— distance from the power source to the boundary of  Discounted costs of LCS +€
a part supplied from LCS, expressed as % of distide

band, L.csy — distance between LCS and the boundary of
a part supplied from LCS, expressed as % of thé par
length. » Discounted costs of an external sourceg,spcand
discounted costs on medium voltage lines,y &

Discounted costs on the line LCL & and
substation LCS- g,

LCS - load-center substation, LCL — load centee,lin
DLMV — medium voltage dual-circuit transmissiondin  Cg= Cpos+ G + Ccs+ Cuvpc+ Crvics 2)

a,b — dimensions of a districted.- d|stance_ from power As a result we obtained the expression for theodisted
source to the boundary of a part supplied from LCS . e .
L dist bet LCS and the bound ¢ ttosts depending on the optimized parameters. This
Les— CISTANce hetween and the boundary of & Pag, ,ression was the criterion function during LCSS
supplied from LCS.

parameters optimization. Alpha

Implementation of the power supply system of thy ci
with the application of LCSS fundamentally changes
structure of the urban power grid and increasesadise of
its construction and operation. Therefore it wagied
While defining the optimal parameters of load-cente o, 5 techno-economical research of feasibilit 65S
supply systems in this research, as an optimurer@it congtruction in the city, using the resulting moasi
was taken a minimum of discounted costs @r the  giscounted costs. It assessed the optimizationhef t

[ll.  DEFINING THE OPTIMAL PARAMETERS OF LOAB
CENTER SUPPLY SYSTEMS

accounting period oI parameters of LCSS for districts with a surfacesitgn
T, loadc = 5 MVA/km? and more, ranging from 3 to 16 km

Cyy = Z(It +C, —Vt)Hl+ E)™ (1) (district square area in Moscow [8]) with differeagpect
t=1 ratio of the district, while defining the boundarglues of

o and geometrical parameters for which the realtswiu

Iy, G — investments for the construction of the objext a
the total cost of its operation in year t, is possible.

By the results of calculations we constructed noraots
of feasibility of LCSS for peripheral districts afties,
which are presented in (Fig.2.) According to théaoted

E — discounting norm. nomograms we can define a particular peripheraticlis

The following techno-economical models were with the corresponding geometric parameters, and
considered:

V. — residual value of the object at the end of the
accounting period (t =7,
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Fig. 2: Nomograms of economic feasibility of LCSS

surface density load, for which it is necessarynake & Based on the formed techno-economical model the

construction of LCSS. optimization of the LCSS parameters has resulted.

Analyzing the diagram it was concluded: According to the results of the optimization thevas
constructed dependence of optimized parametess, S

Lpse Licsy ON the surface density load the geometric

area of the city depends on .|ts geometr'calparameters of the district a, b, and their ratio fat a
parameters: the values and the ratio of its lefgth district square area ranging from 3 to 16°km
and width a;

1) Construction feasibility of LCSS in the peripheral

Fig. 3 presents as an example the results of aptim

LCS_S ?S inapprop_riate 0 cpnstruct at depth (lehgthparameters of 110-220 kV LCSS for peripheral distri
of district b (deep into the city) less than 1.8;km having an area of 10 Kn

3) V\_/ith_ the incr_ease of the surfac_e d(_ensity _Ioad, th%y analyzing these relationships the following tesu
district area is reduced, for which is advisable toWere obtained:

make power supply system with application of
LCSS. 1) Optimal power values of LCS for peripheral

district of the city is 80 MVA and more, for ratedltage

2)
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Fig.3: Results of optimal parameters of 110-220UG8S for the peripheral district in an area ok}
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of LCSS 110 kV and 126 MVA and more, for voltage In addressing the optimal implementation of theveo
220 kV depending on the value of the surface dgnsitsupply system in peripheral areas of large citiessi
load. The maximum power value of LCSs that areequired examination of the topological charactiegsof
constructed in large cities of Russia is 400 M\DAe to  the districts and schemas of their power supplye Th
the results that we obtained,cSreaches values of 600- obtained results allow us to make decisions for the
700 MW. Consequently, for the peripheral distriztdig  construction of a load-center supply system foigberal
cities it is appropriate to include the magistr@lSS. This districts of the city, and also to choose the optirsite
statement makes an interest for the further rebearc for the construction of load center substation réigg to

2) For the districts of 3 to 16 Kmand load density the power source.

20 to 50 MVA/knf it is reasonable to locate LCS at a
distance of 20-45 % of district side b; ACKNOWLEDGEMENT

This fact is explained by the interaction of two Financial support of the Ministry of Education, Ybu
competitive effects. When the distance between RS a and Sports, through grant number MSM 6840770017, is
LCS grows the part of the district supplied dingdtom  highly acknowledged.

PS increases as well, and the part supplied frors LC
decreases. As a consequence, on the one hand, LCS
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IV. CONCLUSION

The load-center supply system is a compulsory eléme
of the power supply systems of big cities. Consatiye
we need to research their optimal parameters.
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