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The number of MV(medium voltage) distribution feedersetwork. The demands imposed on the GN operation were
and their transposition especially in town centrevery high and the inspections sometimes were not
corresponded in the past to the intended operation of grabpropriate. This resulted in a subsequent disconnection of
LV (low voltage) networks. Nevertheless, LV networkd3Ts and, consequently, to the overload of the remaining
were not often operated as grid networks. This articlBTs, and to the disconnection of GNs at the node points.
shows that the design of MV distribution feeders ignoring/ould this process not be stopped by the operators in time,
the actual operation practice in the LV network ighe result must have ended in a complete decomposition of
economically unjustifiable and that the demand for reliabléhe GN.
power supply in most cases does not justify higher number
of MV feeders when LV network is operated as a radidit the suburbs, since its very beginning, the GN was never
network. operated as such and, if really operated as a grid network,
this kind of operation brought serious problems to the
operator, who did not succeed to operate it over a longer
1. INTRODUCTION time. Similar problems arouse with the GN operation in
downtown parts of the cities. This was one of the reasons

The first grid network (GN) in the Czech Republic starte#hy, in the end, the GN was disconnected in some of the

to be operated in 1951, in the historical part of the city éfodes, and operated as an autonomous radial network

Brno. That time the network was operated by the compaf§RN) and fed from the respective DS. The number of

RBR, n.p.Brno (Distribution Energy Works, nationaldistribution feeders of the primary MV network and their

enterprise), one of the predecessors of the current operag@sistent transposition, however, was designed as though

the company JME a.s. Brno (South Moravian Electricitghe LV secondary network should be operated as a grid

Plc). This GN was originally established by aretwork.

appropriate interconnection of the radial network (RN), at

an area of 1 kfwith a specific load of = 3 MVA/Km?, This article shows the lack of economy in such an approach

which rose to the currentt 8.5 MVA/Km During the time for @ MV network design when the LV network is actually

the GNs were established not only in the downtown part 8perated as a radial network and tries to find an appropriate

the large cities but also in the suburban areas, usually witimber and arrangement, the economical configuration of

three to five feeders, consistently transposed within tHdV feeders for that kind of operation of LV network.

network being fed. One of the concerns of the operation of

GNs became the decomposition of such a network due to

the low number of feeders which, along with the intensig- MODELS OF PRIMARY AND SECONDARY

of use of the same and the subsequent distribution NETWORK, AND THE (n-1) CRITERION

transformers (DTs), should allegedly never be less than

four. Now we shall investigate a model of primary MV network
which is provided, as an option, with four, three or two

The opinion in the past was that the establishing of GNs @ensistently transposed feeders, with the variants marked as

cities is a correct approach, despite some problems tHat 3t and 2t, or non-transposed feeders with the respective

never succeeded to be resolved, insisting that GNs are mdre 3n or 2n variants. The indexor y, suffixed to the

appropriate than the RNs from the technical antkespective MV network model, represents the particular LV

economical point of view. Specialists stressed the higtetwork model option. In principle we have 6 options of

quality or power supplied and the high reliability of GNshow to configure the feeders in a MV network for each

The reliability level was always linked with the increasedariant of the LV network model. The feeders are installed

margin requirements and, consequently, with highén two switching stations (SS), located one

investments. The operating personnel was given the order

to check, once in a week, the switching state of LV circuit-

breakers in the distribution stations (DS), and once in a

month to inspect the fuses mounted at the nodes of the LV
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Fig. 1 Model of 22 kV primary network with two non-transpose

feeders, with radial operation of the secondary 0.4 kV grid network dF'g' 2 Wiring diagram of a distribution station 22/ 0,4kV

opposite the other, with a rated voltage level of

Un = 22 kv, ?ﬁnd connected through the 22-AXEKVCEY ', 20010)DS > <%
3x (1x240 mr) type cables, with the highest permitted 1500300) 150309) 150(300)
current of . 1 = 484 A. Each feeder is provided with -

three circuit breakers. In a steady operation state the circuit| =£| & = 8 gl Z
breaker installed in the middle is disconnected (OFF) and | |© JELENOR 0<% 5 z

one half of the feeder represents a back-up for the ot E A T &
half. The circuit breakers are remote controlled from gi X =
dispatcher control room. The feeders operate in a loop with <P o ‘150(’0,0)
load-disconnectors installed at the DS. The load- | SS 8Z o? SsS
disconnectors are not remote controlled. A model of 22 kV - =

network, installed in a 0.4 kV grid network and operating in DS <P o0<% 0 |
“radial-like” kind of operation with two non-transposed < 2850m(2700m) »

feeders, is shown in Fig.1.

) ) Fig. 3 Layout model of 22/0.4 kV distribution stations at an area supplied
The model of LV network, as an option, consists of twBy power, when using the L (M) option of the secondary network with

GNs marked as L or M, located at an area of 1, kvith a  specific load density of 32 (16) MVA/Kn
specific load of, = 32 MVA/kn? andoy, = 16 MVA/KNY.

The LV networks are based on 1 - AYKY cables, with th@bonormal states. The average blackout period in our urban
same cross-section and type 1x (3 x 185 + 95)mand  distribution networks is in the order of tens of minutes. In
of maximum permitted current of,d, = 250 A. The fact, the power consumers connected to the LV network are
networks are Operated as a series of ARNS, fed from tﬁgected by other Subsequent failures at other V0|tage IeVeIS,
respective DS. It is assumed that each of the DS'sa¥ng the whole feeding chain. In this study we shall
equipped with one DT, having the rated transformer ratio 86sume that outage time periods, caused by failures at

pn = 22/0.4 KV, the rated power of S 630kVA, and a load those voltage levels, are independent of the configuration
factor of 65 % with power factor cas = 0.95. The DS ©f MV feeders and, therefore, we will consider them to be

wiring diagram is shown in Fig. 2. The L or M option ofconstant, without any effect on the result of the task solved.

LV network model is then provided with 80 or 40This is why we neglect them.

distribution stations, respectively. Location of the . )
distribution stations is shown in Fig. 3, at an example ¥ reliable power supply system should be affected with
rectangular arranged city streets. only a small number of failures and should be capable of

resuming the operation after a short time period. The
The reliability of power supply taken out from arequirements on such a system are of controversial nature:
distribution network can be assessed by using the (n-<df) one side it is the reliability level of power supply, on the
criterion. This criterion for a radial operated LV networlother side it is the requirement of reduced costs for the
is considered to be fulfilled when in case of a defect of orgystem erection and its operation. The issue is then
single element of the network the power consumer @#ncerned with the technical and economical assessment of
prevented to receive the electric power during {heetiod. the power supply reliability.
The {, time period is named as “average blackout period”
and depends mainly on the capability to handle the network



3. BASIC TECHNICAL AND ECONOMICAL W = Pnay *fj * tu * B ( KWhlyear; kW, 1/year, hour,-) (6)
FACTORS OF MEDIUM VOLTAGE PRIMARY
NETWORK where:
. ) Pmaxj is the feeder highest load
The total failure rate of all the respective elements of MV g is the medium fill factor of a load diagram of an area

network is expressed by the formula: to be supplied with power by the respective network

f=f;+f;+f, (j=1,2,..., 1/ 21/ 1 )
=ttty " (I/year; lyean) @) Further it holds that:

where:

j is the variant number of the model of MV network Prmaxj = % *0,65*Sn*cosp (kW; -, kVA, -) (7

n is the number of variants (options) éor constant

f is the failure rate of feeders where:

f,; is the failure rate of circuit breakers and load- X; is the number of distribution transformers fed from
disconnectors the feeder

fy; is the failure rate of protections (protection relays ) S is the DT rated power

It holds that: cosg is an average power factor of the load, and
fiy=1*ou  (1/year; km, /km*year) (2)  B=T,/8760 (- ;hourlyear, hour/year) (8)

where: where:

l; is the total length of feeders T, is the maximum exploitation time

oy is the failure rate of 1 kilometer of feeder per year
In the evaluation of economic factors we shall neglect the

fy =V *ay (lyear; -, 1lyear) (3) costs to be expended for 22/0.4 kV transformation and
] o costs for the erection of 0.4 kV network, because both these
v; is the total number of circuit breakers and load- constant factors do not have any influence on the chosen
disconnectors o economical option of feeder configuration. Yearly
Oy |s_the failure rate of a circuit breaker or load- (production) costs for the " option of the MV network
disconnector per year model are:
where: ( CZKlyear; CZKlyear) 9

o; is the total number of protections

0, is the failure rate of a protection relay per year where:

N; is the permanent component of yearly costs

Failure of any operating element of a medium voltaghloi iS the variable component of yearly costs .
network results in a blackout of the power supply within thiej iS the component of production costs for not supplied
radial operated LV network. Therefore thefdilure rate power

according the formula (1) can also be considered as a tdt@Pplies:

probable failure rate of power supply. In the same way the

fy, f, and §; failure rates can be understood. Nij = Nig + Nisj + Nig + Ngj + Ny
(CZKlyear; CZKlyear) (10)

The total failure probability of all the considered elements

of a MV network is expressed by the formula: where:
Ni; are the yearly costs deduced from the feeder
g =f *,/8760 (-, llyear, hour, hour/year) ) investment costs

Ni; are the yearly costs deduced from the circuit

where: _ _ _ breaker and load-disconnector investment

t, is the average time period of a failure costs

« are the yearly costs to be expended for the

remedy of feeder failures

are the yearly costs to be expended for the

repair of circuit breaker and load-

disconnector failures

Ny are the yearly maintenance costs expended on the
network

According to the formula (5) the probability can also be N
conceived as the total probable relative outage period gf
power supply per year, i.e. the total probable outage pef
year. The same scale of power supply reliability can be
expressed as to be equal {b&760 hour/year which is the
probable average outage time per year.

The total probable average non-supplied power due to the
failure of all considered elements installed in the MV

network is expressed by the formula: Further it applies that:



Nig = Kig *p/100 ( CZK/year; CZK, %/ year, %) (11) where:
t, is the maintenance average time period spent for

where: the circuit breaker or load-disconnector per year
Ki; are the feeder investment costs ¢, are the average costs for one hour of
p« is the feeder depreciation rate in per cent maintenance works

Further it holds that:
Nis = Kisj *ps/100 ( CZK/year; CZK, %/ year, %) (12)

N:)j = APmaxj( Gt Cv*Tq) (16)
where: ( CzZKlyear;kW,CZK /kW+year, CZK/kWh*year, hour)
Kis; are the investment costs for the purchase of

circuit breaker and load-disconnector where:
ps is the circuit breaker and load-disconnector A Pnay are the power losses during the maximum
depreciation rate in per cent load
Co are specific costs to eliminate the power
Ny = fij *c« ( CZKlyear; 1/year, CZK)) (13) losses
Cw are specific costs to eliminate energy losses
where: Ty is a period of full losses
¢ are the average costs expended on a repair of feeder
failure Ng; = Wj* ce  (CZKlyear; kWhl/year, CZK/kWh) (17)
st = ( fvj *Cy+ foj *Co) where:

(CzKlyear; llyear, CZK, 1lyear, CZK)  (14) ¢z are the specific costs to cover not supplied energy

where: Total investment costs of the MV network model are:
¢, are the average costs expended on a repair of
circuit breaker and load-disconnector failure Kj = Kig + Kisy ( CZK; CZK) (18)
c, are the average costs expended on a repair of
protection relay failure The basic technical and economical factors have been

calculated from the entry data, received from the JME a.s.
Brno. The respective values are shown in Table 1 and 2.
A detailed calculation is shown in [1].

Ny =V *t,* ¢, (CZKlyear;-, hourlyear, CZK/hour) (15)
Table No. 1: Engineering and economical factors of various options used for a model of 22 kV primary network when pooxddisigpply to an
“L” model of 0.4 kV secondary network, with a specific load density of 32 MVA/KmM?

Variant l fj 104q] WJ' 106Nj 106Kij (o% Nikj Kikj NDj NEj
q N; Kij N; N;
j mark. | km 1 - kWh CzK CzK - - - - -
year year year
1 4t 242 [ 156 | 310 | 3027 B3 7675 078 039 0.60 0022 | Q080
2 3t 218 | 143 | 286 | 3699 371 7091 076 036 058 0037 0100
3 2t 181 | 124 | 248 | 4812 62 6264 073 031 054 0067 0133
4 4n 134 | 102 | 203 | 1975 01 5656 066 028 044 0018 | Q065
) 3n 121 | 095 ] 189 | 2447 25 5277 064 025 043 0036 | Q083
6 2n 107 | 0871 174 | 3372 292 4880 062 023 041 0055 | Q115

Table No. 2: Engineering and economical factors of various options used for a model of 22 kV primary network when presdisupply to an
“M” model of 0.4 kV secondary network, with a specific load density @ 16 MVA/Km?.

Variant I fj 104q] Wj 106Nj 106Kij COkj Nikj Kikj NDj NEJ'
g N; Kij N; N;
i mark. | km 1 - kWh CZK CzK - - - - -
year year year
1 At 180 [ 108 216 [ 1045 28 5212 083 049 0.65 Q007 Q046
2 3ty 152 | 094 | 187 | 1209 214 4553 081 044 062 0012 Q057
3 2%y 130 | 082 164 | 1591 200 4006 079 036 061 0030 Q080
4 4ny 128 | 082 | 164 | 796 202 4240 078 039 057 0006 Q039
5 3Ny 106 | 071 141 | 912 182 3693 075 036 054 0012 Q050
6 2ny 84 [059] 118 | 1145 163 3146 071 032 050 0019 Q070




The calculation method, i.e. the determination of feedéx contribution to the reduction of; f value and,
configuration in a medium voltage network, from theonsequently, the increase of power supply reliability can
economy point of view, is aimed at finding that option obe brought about by the manufacturers of the respective
distribution system for which the yearly costs would belements of network, by increasing the quality of such
minimal. For the economical option holds the following: elements. The network operator supports these goals with
an appropriate selection of high-quality elements on the
Necon = MIN {N} (=1,2,..,n) (19) market and by consistent maintenance of the same. The
] operator, however, can not prevent the occurrence of
specific failures within the network.
The equation (19) is complied with the options 2and
2ny. This means that an economical configuration consisther possibility of reduction of the Walue consists in
of two non-transposed MV feeders to supply both optionke reduction of,t This can be achieved mainly by the
of the low voltage network model. improvement of handling capabilities of the network which
is to be considered to be the current tendency in the Czech
distribution networks. This means, in particular, a higher
4. ANALYSIS OF THE RESULTS level of remote control to be achieved and the
implementation of automatic control systems to the
The analysis of the factors of MV network model, as showsperation of distribution networks.
in Table 1 and 2, along with the consideration of all the
knowledge acquired from the design and operation of urbahis occurs mainly by remote controlled switching nodes
distribution networks brings us to the followingthat are established in the MV network and equipped with
conclusions: appropriate switching elements. Another useful innovation
component is the short-circuit indicator, in the best case
The probability ¢ of a feeder failure has a decisive sharénstalled in all the DS, with an indication of its operation
on the ¢ total probability of a failure for all the options state in the central control room. An essential part of an
examined. The lowest value of this share is 62 % (71 %p-to-date distribution network is the dispatchers’ control
for the 2n (2ny) options and achieves its highest value ofind information system.
78 % (83 %) for the 4 t(4ty) option. The share of a;q
probability of protection relay failurs makes less than 1.1 % significant difference in the investment or yearly costs
for all the options considered and the remainder falls upean be found in the comparison of, 44 t,) and the 2n
the q; failure probability of circuit breakers and load-(2ny,) options. The cost difference makes 27.95 mil. CZK
disconnectors. (20.66 mil. CzK) in the investment and 0.91 mil.
CZK/year (0.65 mil. CZKl/year) in the yearly costs to the
The probable average time period of power supplydvantage of the option with two non-transposed feeders.
interruption per year, caused by failures that appear in tiige investment costs of these options two options are lower
MV network, makes approximately 1.5 hours (1.0 hour) dsy 36 % (40 %) and the operation costs by 24 % (29 %),
2.7 h (1.9 h) for the 2n(2ny) option, respectively d4t4t). respectively, as compared to the four network options with
In reality, however, this period is longer than the above. consistently transposed feeders.

In the options examined the amount of electric energy Wrhis economical number of feeders and its arrangement
not supplied by the MV network, increases with gtwo non-transposed feeders) must not be conceived in a
decreasing number of the feeders, or with transposition ébgmatic way. Admittedly, the economy is one of of the
the same. The JWalue may be decreased by decreasingasic criteria during the network design but it is also
the feeder load, by decreasing thefaflure rate and by necessary to take the sometimes very critical approach of
shortening  the ,t power interruption (outage) period.the public to the power interruptions which may arise
Efforts  experienced generally and consisting in theccasionally. Such a power outage could jeopardize the
balancing of load diagram by suppressing its significaithage of utility companies and cause a large sums to be
maxima leads to the increase usage of Maximum payed as a compensation to some of the power consumers
exploitation time and, consequently, to the increase pf Who would insist on the recompensation for production
value. losses. Consequently, in some cases the higher number of
feeders may be considered to be an economic measure, too.
The load of feeders can be decreased by reducing the
number of DS powered by those feeders, i.e. increasing ¥eeder transposition in a radial operation of the LV
number of feeders. This causes an increase of #aduk. network is reasonable only in case when there is a chance to
In respect of the relationship between thparameter and come up for a MV network power failure by steps to be
the number of DSs, we have fixed this number to be 2@nplemented at the LV level, and when there is no
This number has been verified in practical live and satisfig@ssibility to implement such a measure in networks with
approximately the equation far+ 105 minutes. non-transposed feeders. Such an operation state can occur,
for example, during a duplicate failure of the feeder or



during some revision or maintenance works on the M¥Wetworks consists, when compared with the past, in the
network. Sometimes the transposition comes up asreduction of the number of MV feeders and in the extent of
logical step due to the arrangement of the area suppliedthg transposition of the same, by using a back-up
power. If we choose the transposition then it is adequateitterconnection. The LV network is always being
choose a lower level of it, i.e. the partial transposition.  established as a series of ARNSs, fed from the corresponding
DSs, also with the possibility of back-up interconnection.
A low voltage network should be erected as a series lof order to increase the reliability of power supply and in
ARN  with branches arranged conformably to therder to satisfy the ever increasing needs of power
construction plan of the urban area. These networks congishsumers  the Czech urban distribution networks
of cables with identical cross section and each ARN feskperience a period of further extension of remote control
from the respective DS. The networks must be erected imad automation, aimed at the improvement of handling
way to provide for a back-up interconnection betweecapabilities of the networks. Each retrofitting or a new
them. design of a network should take a higher number of options
into consideration, in order to find an optimum between the
reliability increase by implementing new innovated
5. CONCLUSION components, and the increased investment costs caused by
the use of latest technology. In our example the network
We have been successful in determining the economicabdernization can use investment means made available by
variant of a 22 kV network with a radial operation of a reduced number of feeders.
model of 0.4 kV grid network, by using the criterion of
minimum yearly costs. For a defined level of specific loadCurrently there are three grid networks operated in the
density of 32 MVA/mM or 16 MVA/kn? it is always the Czech Republic, two in Prague and one in the centre of
option with two non-transposed feeders which has prov@rno, while there is a number of networks established, with
to be the optimum one. In case of some failures the partieh of them only in the city of Brno. No further grid
transposition may be justified. An economical approach twetworks are currently being established nor designed.
the number of feeders and the stage of their transposition
can not be regarded as dogmatic rule and it is necessary
also to consider the respective situation atthe area, wj hREFERENCES
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