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Abgtract. In this paper an approach to solving the some definition choice of 110/10-20 kV substations’ tbgtimal
problem of urban 110/10-20 kV network deVeIOpment ntil 2020 power’ Cho|ce the |Ocat|0n Of new Substat|0ns
in Riga city in conditions of information uncertainty are
considered. The following steps are considered irhé paper:
forecast of the total load of the Riga city until 20, the definition
of loads of existing and new substations until 2020choice of The decision about further development of separate
110/10-20 kV substations’ the Optlmal power, deterine the Subsystems of UPSS should be based on a forecmng}f
location of new substations. term or medium-term consumption of electricity e t_atvian
Keywords: network development, forecasting, urban Ppwer_System (Latvenergo) and F_)erSpeCtlve tqtad tafathe
substations, geometrical templates. Riga city. The forecasting of electrical load fatiian Power
System and Riga city is fulfilled for the perioaiin 2008 till
2020. The forecast is made in the light of the ailey
l. INTRODUCTION economic situation in the state in recent yearg ditalysis of
. easurements from 2000 to 2008 is made and sub#eque
The urban power supply system (UPSS) is system %recast is fulfiled. The forecast of consumptiaf the

continuous development. Thelements of such system are : . ) . o
o . . Latvian Power System in graphical view can be sedfg. 1.
objectives of long-term or medium-term design. btve the ) . . .
For forecasting of Riga electrical load must takeoi

problems of development on such a prospect is cofrate )
background information and detailed guidelines extgd account: .
subjects. It means that the challenges of develapecur in * tmhgai(i}rljearLle()na;g ﬁ;;lgolé\é :(r)agg(f)(g.mer substatiops b
conditions of incomplete and uncertain information. e load of consumers arowing b ea'rS'

The UPSS of a major city is, as rule, a componérthe e marketable power (?f new ?)b')e/gts '
regional or the state power system. Since the paupply X POWer | ) '
system of Riga city is an integral part of the liatvPower e technical possibilities to cover new declared pawer
System and the largest consumer of electricitytates Every ar_1d another factors. ]

The variants of forecast are taken for:

UPSS is formed historically with a certain hierarcbf 0 . -
voltages. There are the stages or subsystems wrctical * 3% -percent year load growing, beginning from&00
’ till 2020 in favorable scenario of the economic

structure: the external supply system of the citshwoltage development (AS Latvenergo forecast till beginning
330 kV or higher, the internal supply system withitages of crisis of the economics);

110-20-10-0.4 kV and the aggregate of urban consume 206, 1.7%, 1.3% and 1.1%-percent year load growing
Connections between subsystems are carried outghroigh- in ’disad’vantaged scenario of the economic
voltage transformer substations (TS) and networkshe development,  without excluding the period of
corresponding levels of the voltage hierarchy. recession in the economy;

For guaranteeing of viability of such large objest the o 2%, 1.7%, 1.3% and 1.1%-percent year load growing

Il. LOAD FORECASTING FORRIGA CITY

major city should be the systems analysis and @éner in disadvantaged scenario of the economic
approach to construction, formation of basic patanseof development with the period of recession from 2008
networks, the further development of separate sibsys and till 2012 without load growing and with improvement
all UPSS as a whole. of economic situation since 2012.

This paper considers an approach to solving theesom Graphical forecasting of Riga city can be seeRig 2 for
problem of 110/10-20 kV network development of R@  different scenarios of the economic developmefihe
until 2020. The following steps are consideredtie paper: deteriorating economic situation leads to the need

forecasting of the total load for the Riga city iLR020, the periodically adjust the previously made predictions
definition of loads of existing and new substatiomsil 2020,
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recessive period

—&— 2008.forecast with 1,3% load buildup —&— 2008.forecast with 1,7% load buildup|

0% load buildup —s— 2010.forecast with 1,1% load buildup —&— 2010.forecast with 1,3% load buildup

—o— 2010.forecast with 1,7% load buildup —&— 2010.forecast with 2,0% load buildup

—@—real loads approximation

Fig. 2. The forecast of transformer substatiootl toad for Riga city

real loads
== = Latvenergo forecast in 2006

—&— 2008.forecast with 2

-
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[ll. LOAD OF TRANSFORMERSUBSTATION AND LOAD

DENSITY IN ITS SERVICE AREA

The load of transformer substations is formed Wfecdknt
groups of urban consumers. The total load of coessnat

each stage of hierarchical structure (Fig.3) shdmgccovered

with sufficient TS power, taking into account thequired

reserve, to guarantee normal quantity of energyplgufo
consumers.

330kV and higher) ©*«
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Fig. 3. The hierarchy of voltage levels and loadsitées in the urban
networks

The total electrical load of the city can be fouike

Volume 27

where o, is the average load density in the network,
MVA/km?;

1_Icity

km?.

is the territory of the city allocated for building

If the load densities in the service areas of sdpar
substationdlts ; are different, then the corrected average load
density in the city can be defined as:

Koj (Srs1+ Srsa + -

Krec (Mg g +Tlrg o +--

-+ Srg;) _

ot Tgg;)

Oai.cr

)
kg (rsallysy + orsallys o + o

+orgllys;)

AT )

k ec(HTS’1 +Ig o+

wherek, . is the accepted recovering factor of TS service
areas in real conditions.
The total service area of TS should be no less tfeaeral

territory of city allocated for building (with thexception of
water spaces, forest and park arrays etc.):

s
1_[city < krec ’ ZHTSJ

i=1

(4)

In the real conditions the load densities in sejgadéstricts,
micro districts of city and, also, in the serviceas of separate

substations are different. The load density ingbevice area
=k n; - : 1 N
S OTS Z STS' OTS Z B @) of separate substation is:
where S, isthe total electrical load of the city Ors,i ZSTS" = 'l_’IB' S (5)
the appointed year; TSi TSi
Sisiis i- transformer  substation load in the

appointed year, MVA;

ko 15 IS the simultaneity factor
load maximum, depending of 110 kV TS quantity;
n, is quantity of transformers inTS;

p, is load factor of each transformer in TS;

S, is transformer's mounted rated power in

TS, MVA;

area.

The average load density in the city on a givehliage
level is:

The service area of transformer substation ban
modeling every possible geometrical figure: a eirel square,

of transformers'a correct hexagon. The most convenient model isxadon,

which enables in regular intervals to fill terrgoof building
by practically any form. This model of a serviceall'S is
chosen in work as uniform model-template at thesit of
questions of development for city networks. It énditionally
accepted, that the substation is placed in theeceot a
hexagon (in real circumstances it should not fallsme the
limits the area of the hexagon).

N is transformer substations’ quantity in the city Geometrical models-templates of substations’ seraieas

in the form of correct hexagons are offered on &jgvhenthe

load densities in the service areas of separatstaigns are
equal.

The correlations between basic geometrical sizeshef

hexagon (models — templates), the main technicarpeters
(2) of transformers and networks are determined foiigdesf
templates.
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Input data:
P, S Billi

Fig. 4. The ideal model of TS location in the Matan of city

IV. LOAD DEFINITION OF TRANSFORMERSUBSTATION FOR
THE PERIOD TILL 2020

The maximal active electrical load of each existing
transformer substations can be found with the hefp
expression:

a LY ( )
Pooso = Prog| 14— | +k -k, P 6
2020 = 2008 ( 100) ki -k, Py

where ¢ is the medium growing of consumers’ load per Fig. 5. The calculating algorithm of transformebstation loads
year;
t, is the final year of calculation period,%2020);
t, is the beginning year of load growing=2008 or V.OPTIMAL POWER OFTRANSFORMERSUBSTATION FOREACH

t,=2012 in accordance with accepted calculation LOAD DENSITY

vari_ant); For rational construction of power system it isggsary to
Py is the marketable power of consumer; _ determine the optimal power of substations for eamlage
ki is the factor of simultaneity of load maximumieyel This is a complex and laborious task.
(ki=0.8); In paper the choice of TS optimum power for the KM.O

ke is the correction factor, which depen_ds Ohetwork on basis of variants’ comparison is made
marketable power of consumer and on uncertaifity o Total investments of variantK, can be found by
connection termk,=0.7). . z

expression:

The calculation algorithms for definition of transer
substations’ loads are offered in Fig. 5 and impleted. The

. . : . . Ky =Kig + Kips + K s +K
calculation algorithm is realized by program Miartis LTI T TP T AL T LT ©)
EXCEL for each existing and perspective transformer ) _
substation. where K1z are capital investments for 110/10 kV TS
TS service area (also the side of a hexagon) andhdtius construction;
according with geometrical models-templates in fitven of K,y are capital investments of 110 kV cable line
correct hexagons can be found by expressions: for 110/10kV TS connection:
o WS Kips are capital investments for 10/0.4 kV TS
Mrgj=26-R"=—7F— ) @) construction;

i
Kys are 10 kV cable line capital investments for

10/0.4kV TS connection.
B-S . Certain functions of the components can be caledlats
R = 062 \[Tlg; = 0.62~11q%.'__”¥ : (8)  follows:
|

Kig =g Kys (10)

where n.g is the number of 110/10kV TS;
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KaLs =4a-A-Mrs - Kipa
=171 HTS . nTS . KipAL = , (11)
=19yIts - s - Kjpa

Ke=f{(Sra)

BEH8

T8 X,

where 4, is 110kV network configuration factor (loop e \\

through scheme adoptet), = 1.7); o \ \ L o
A is the theoretical distance between the 110/10 | §'&® e

— =
a=3MVAKm2
substation adjacent; - w el WAir?

KipaL is 1 km of 110kV cable line construction costs;

K (Ls)

2E+08

1E+08

Krpg = e - Kep s (12)

DEHD

X6 ‘ 225 ‘ 232 ‘ 240 ‘ 263 I 280
where n., is 10/0.4kV TS quantity in one 110/10kV T i

service area; Fig. 6. Total investments of urban power suppbkteyn depending on the
. substation transformer powKg,—f(Srs)
Kip is 10/0.4kV TS cost.

In addition: On the basis of the results (Fig.6) followed thties with a
load densitys = 3-5 MVA/kn? is economically to use the TS

s Srs 13) With power in  2x32 MVA, with a load density = 5-9

M Kerp S (13) Mvakm? - 2x40 MVA substation, with load density = 9

MVA/km? - 2x63 MVA substationg > 11 MVA/kn - 2x80

. . MVA substation.
wherellrp is 10/0.4kV TS service area; All the consumers of a city must be rationally disited
S 1p is 10/0.4kV TS rated power; among separate transformer substations accordinthei
service area to provide qualitative power supply.

As example the location of substations on the part of city’s

N =

k, 1p is factor of simultaneity at transformers’ load

maximum, depending of 10/0.4kV TP quantity; territory at Masterplan, when the load densitieshi service
areas of separate substations are different, isrshoFig. 7.
Kws =Mp - Kipw -Lbv = Automation process of TS service areas placinchemtap
_ g 1 Tes N ) = of the city is realized by means of Microsoft EXCEL
= e (Kipv - A - Ly TIre Niig ) ., (14) calculation program and graphic computer program
n-g- AutoCAD.
= rp - Kipy - 33yTl7p 'TSTS
i s

whereK,, is 1 km of 10kV cable line construction costs.;
L, is length of new 10kV cable lines to connect TP;
Ay is 10kV network configuration factor (loop-
through scheme adoptet), = 25);

I is TS service area,

N;q is 10 kV feeder average number from TS;
S;y is 10 kV feeder medium permeability
(Sfg = 25MVA).

The optimum solution of function (9) is equal withe
minimum of total investments of variants® companisdhe
results of calculations are shown in Fig. 6.

M P . BRETSS PATTRA S T
An real model of TS location in the Mastarpof city
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The proposed method and its implementation allowinga

decisions in development of networks on early desigges
and choose a rational perspective plan in the tiondi of
uncertainty of the initial information.

In perspective power supply scheme of Riga, thation

for all of theoretically possible TS and possii@itto connect
them to existing or new 110kV lines for the redii@a of
110-330kV scheme development are foreseen.
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doctoral studies at Riga Technical University”

(1
(2

(3]

[4]

(5]

36

ACKNOLEDGEMENT
This work has been supported by the European ISo

REFERENCES

Krishans Z., ,Fundamentals of Power Engineering eFmises
Managment,” Riga, Riga Techical University, 19922 p. (in Latvian).
S.Guseva, N.Skobeva, N.Breners, O.Bot8vskis, ,Service areas
modelling of urban transformer substation®foceedings of Riga
Technical University, Power and Electrical Engineering, Ser.4, Vol. 24,
Riga, 2009. p. 24 -31 (in Latvian).

S.Guseva, O.Borscevskis, N.Skobeleva, N.BrenersagLforecasting
till 2020 of existing and perspective transformabsations in Riga,”
Proceedings of Riga Technical University, Power and Electrical
Engineering, Ser. 4, Vol. 25, Riga, 2009. p. 77-80.

S.Guseva, N.Skoleva, N.Breners, O.Borscevskis, “Determination ¢

service areas of urban transformer substations dastibution using
geometrical templatestatv. Journ. of Ph. and Techn. Sc., No 6, Riga,
2009, p.16-26.

S.Guseva, N.Skobeva, N.Breners, O.Borscevskis, “Riis
transformatoru apakSstaciju apkalpes zonu niSdeh,”Energétika un
elektrotehnika, Ser.4., §. 24, Rga, RTU, 2009, 24-31 Ipp.

{

Svetlana Gusev received Dipl. Eng. from
Riga Polytechnic Institute (RPI) in 1964, Cand.
Techn. Sc. degree from Byelorussian
Polytechnic Institute (BPI) in 1987 and Dr. Sc.
Ing. degree in 1992 from Riga Technical
University (RTU). She has been working in
RTU (earlier RPI) from 1965, from 2003 she is
Associated profesor of RTU. Her research
include Power  System Mathematical
Simulation and Optimization.

Address: Kronvalda blv.,1,LV-1010, Riga,
Latvia

Phone: +371 7089938, fax: +371 7089931

Olegs Borscevskis received Dipl. Eng. from
Riga Polytechnic Institute (RPI) irR005,
Mg..Sc.Ing. degree from Riga Technical
University (RTU) in 2007, from 2008 he is
PhD student.

Address: Kronvalda blv.,1, LV-1010, Riga,
Latvia

Phone: +371 26161738, fax: +371 7089931
E-mail: olegs.borscevskis@latvenergo.lv

Nataly Skobelevi received Dipl. Eng. from
Riga Polytechnic Institute (RPI) in1990,
Mg..Sc.Ing. degree from Riga Technical
University (RTU) in 1996, from 2007 she is PhD
student and researcher in RTU

Address: Kronvalda blv.,1, LV-1010, Riga,
Latvia

Phone: +371 26161738, fax: +371 7089931
E-mail: Nataly_Skobeleva@olimps.lv

Lubov Kozireva received B.Sc. degree in
electrical engineering from the Riga Technical
University, Riga, Latvia, in 2008.

She is an Mag. student at Riga Technical
University, Power Engineering Institute, Riga,
Latvia.

Address: Kronvalda blv., 1, LV-1010, Riga,
Latvia

Phone: +371 28307721,

E-mail: lubal302@inbox.lv



