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Choice of 0.4 kV Cable Cross-sections by Economic
and Technical Criteria under Market Price Conditions
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Abstract — In paper a choice of 0.4 kV cables’ cross-sections by
economic and technical criteria under market price conditions is
examined. Nowadays reliable and unambiguous information
about the cost of the equipment for transmission lines, building
and construction works, financing terms, etc., is absent because
the prices are free and market. For 0.4 kV lines it is necessary to
consider not only economic criterion, but also technical
requirements, as they can be prevailing with considerable
lengths. The modified method of economic intervals with
checking by permissible heating current and voltage losses is
used for reasonable choice of cross-sections. The boundary
lengths by voltage losses are determined and dependences are
constructed. The graphical realization for method of economic
intervals using MathCAD software is offered. The modified
method provides reasonable technical and economic choice of 0.4
KV cable lines’ cross-sections.

Keywords —Economic intervals, cable lines, voltage losses,
boundary length and current.

I. INTRODUCTION

One of the main requirements of a rational construction of
electric networks is the correct choice of wire cross-sections at
the stage of design or the network reconstruction. These cross-
sections should be selected from economic considerations
taking into account technical requirements. The main criterion
at the choice of low voltage cables’ optimum cross-sections is
the minimum of total annual costs, taking into account
permissible heating current and voltage losses.

The paper shows opportunities and field of application for
method and updated nomograms of economic intervals, which
can take into account the economic considerations and also
permissible heating current and voltage losses. Such an
approach is actual in modern conditions of the market
relations in economy. Due to such choice, the cross-sections of
lines are technically suitable, economically justified and
effective.

II. ECONOMIC INTERVALS’ UPDATED NOMOGRAMS

The modern approach to the realization of economic
intervals' method under market conditions for high-voltage
lines was proposed in the papers [1, 2]. It provides the
minimum total annual costs on the construction
(reconstruction) and maintenance of the distribution networks.

The method of economic intervals is based on the condition
of equality for the total annual costs C¢; on the cable lines
with adjacent standard cross-sections F; and Fj, for the
current load 7 :
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The total annual costs C¢;; on the cable line with adjacent
standard cross-section F; for the current load 7 [7]:

Copi=(i+ps) Koy +3 Ina R (- f+5")-107 | (2)

where i is is the market interest rate, r.u.;
ps are the total deductions on amortization, running repair and
maintenance from the capital investments in cable line, r.u.;
Kcp; are the capital investments in the line with wire of
standard cross-section, Ls;
1.2« 1s the maximum load current of line, A;
R; is active resistance for standard cross-section, /km;
7 is the utilization time of maximum losses per year, where

= f(TmaX)’ h;
T,

wax 18 the utilization time of maximum load per year, h;

f' is the specific price of electric power losses, Ls/kWh;

B’ is the specific price of capacity at the maximum time of
power system load, Ls/kW.

In modified method the capital investments in the cable lines
with adjacent standard cross-sections F; and Fj; are
represented as the sum of two components: the first one is on
electrotechnical material K,,,, (wire metal), and the second one
is on building and construction works Kj,;4:

Kepi =K + K pita i

met,i (3)
Ker vty = Ker iy + Kiuita (i+1)

where K K are the capital investments on the

met,i > met,(i+1)
conductor metal of the lines with wires of adjacent standard
cross-sections, Ls;

Kyuita i > Kpuita ¢i+1) are the capital investments in the building

and construction of lines, Ls.

The capital investments for building company on
construction and building works of cable lines with adjacent
standard cross-sections are approximately equal:

Kyita,i = Kpuita (i+1) = const 4)

In this case, approximately equal components in (1) are
mutually compensated and excluded, but the difference in the
investments on metal for the cable lines with adjacent standard
cross-sections are different and are analyzed in detail.
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Due to analyzes and research results in [1]:, the boundary
current, at which transition from smaller cross-section to
bigger is economically expedient for cable lines is defined as
follows:

A-(F;
]ec’CL:\/g.\/ ( i+l
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where K ... c1 is the specific price of metal, Ls/kg;
Ky isorcL 18 price of 1 kg isolation at XLPE cable, Ls/kg;
Neore 18 quantity of cable core;
D, c1 1s the specific weight of metal core, kg/m3 ;
k; is twisting coefficient of core’s wires (is taken k,=1.02) [3];
ks twisting coefficient of cores at cable (is taken k,=1.0) [3];
ks 1s reserve coefficient of the minimum weight, which is
determined by a developer of technical or technological
documentation, taking into account features of products and
their manufacturing technology (is taken £,.=1.012) [3];
d... 18 cable core's diameter, mm,;
k; is coefficient, taking into account technological factors
(uneven blending, filling the voids between the wires), (is
taken k;=1.17) [3];
Sisor.c 18 1solation thickness, mm;
D11 18 specific density of isolation material, kg/m3 ;
Ro,, Ro, +1 1s specific active resistance for adjacent standard
cross-sections, Q/km.

Using expression (5), the updated nomograms for 0.4 kV
cable with XLPE isolation and with copper and aluminum
cable core are constructed (Fig.1, 2). Standard cross-sections
(16, 25, 35, 50, 70, 95, 120, 150, 185 mmz) are examined for
cable lines.

Using these nomograms, the economic cross-sections can
be selected in Fig.1, 2 for coordinates o and /. The factor o
contains parameters ps, i, f', B'', that allows taking into
account factual values of these parameters and also
considering step-type behavior of cross-section.

The method considers the permissible heating current of
cable under the normal operation (reflected by horizontal part
of curve in Fig.2). As a result, choosing cross-section by
universal nomograms individual accounting of heating
conditions is not necessary.

E

III. CONSIDERATION OF LIMITATION BY PERMISSIBLE
VOLTAGE LOSSES

The consideration of limitation by permissible voltage
losses in the method of economic intervals is fulfilled. The
voltage losses in line are determined as follows [4]:

_IP-R+30-X
— . (6)

nom

AU

where P, Q are active and reactive power on the line or on
separate section of one, MW and MVAr;
R, X are active and inductive resistance of line or separate
section of one, Q;
U,.om 1s network nominal voltage, kV.

In low voltage cable lines, the parameter X usually is much
less than R and is not taking into account. The cable line’s
active resistance is:

3
g1 o
}/.

where / is length of separate sections of line, km;
¥ is metal conductivity, (m/(Q*mm?®);
F is area of cross-section of a cable, mm?®.

The active power of the line:

P=+3-U-1-cosg. (8)

Considering and inserting (7), (8) in (6), the voltage losses
can determine as:

By 10
ap Y321t eose

v-F

©)

where [ is current of line or separate sections of one, A;
AU is voltage losses in line, kV.

If line has only one load, then in (9) the summation sign is
eliminated and length of sites is replaced with whole length L:

_ﬁ~1~L-cos¢
yoF

AU (10)

where L is whole length of line, km.
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Fig.1. The universal nomograms of current’s economic intervals for 0.4 kV cable with aluminum core (the curves are constructed by prices in 2010).
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Fig.2. The universal nomograms of current’s economic intervals for 0.4 kV cable with copper core (the curves are constructed by prices in 2010)
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The transition from cross-section F; in line to another one 06
F:.; is economically justified, when the current reaches up
value Z.c; [5-8]. Therefore, the use of cross-section F; is 05 C“,,"
reasonable, when line current / </, c;. As a result, voltage R
losses are lower, than at current value 7. c;. £ 04 ,,/ Al
Inserting in (10) current value 7, c; from expression (5) and < e
replacing cross-section F to F;, will receive the next g’ 0.3 ’,/
expression: o Pig
3 -7
£ 02 i
A (Fy = F)+ & -
L4
L- cos @ +B- (dcore,(i+l) B dcore,i) . (1 1) 0.1 I,,
AU < o L2
s (Ro,i = RO,(HI)) 2

Replacing parameters Ry; as Ro; =10y - F, and Ry ;1 as
R, ir1= 103/ - F,, , the expression (11) changes as follows:

(A-(F )+
B-(d —=d. _)N-F.
AUSL'COSQ'\/;' + (3core,(t+l) core,l)) (i+1) - (12)
107y - (Foy —F) - F;
Signifying
(A'(F;'+l_F;‘)';B'(dcore,(iﬂ)_dcore,i))'F‘(iJrl) —a.(13)
10 (Fuy = F)-F,
Finally will receive instead (12):
o
AUSa-L-cosa\/:. (14)
e

The a parameter for different cable cross-sections almost
does not change.
The consumers get the qualitative energy, if voltage losses
don’t exceed the permissible value:
AU < AU

perm. 15)
where AU, is permissible voltage losses in line, kV.
Therefore, choosing the cross-section by nomograms, the

mentioned above condition is satisfied, if cable line’s length is

lower than boundary length Ly,

AUperm. . \/Z
a-cosp Vo
As it seen from given expression, if line factual length L is
lower than boundary length L,,,, , then determinative factor is
economic reasons, i.e. the choice of cross-section should be
done by economic intervals’ universal nomograms. But if
L>L;,., then determinative factor is technical condition of
permissible voltage losses.
Using (16), the dependences Lyoun= f(AUperm.%) for

different core of XLPE cables at cosg =0.9 are constructed
(Fig.3). The maximum value of a parameter is taken [9 -10].

L< Lboun =

(16)

0 1 2 3 4 5 6 7 8 9 10

Permissible voltage losses,( %)

Fig.3. The dependence of 0.4kV XLPE cable’s boundary length on voltage
losses (cosp=0.9)

Figure 3 shows that, for example, the boundary length
Lpoun=0.20 km for cables with aluminum core at permissible
voltage losses 4U,,,.,,= 5%, but for cables with copper core -
Lpoun.= 0.27 km. The boundary length with aluminum core
Lpoun=0.32 km at permissible voltage losses AU,¢m= 8%, ,
but for cables with copper core - Ly, = 0.43 km.

It is necessary to note, that mentioned L,,,, values are
determined in the least favourable conditions:

e the highest boundary current value is taken, at which
given cross-section is still economically reasonable.
In fact, current and voltage losses will be lower.
Accordingly, L;,,, will be higher.

e the higher values of a and cose parameters are
taken. If these parameters decrease, then Ly, value
increases.

In result, if L>L,,,,, then calculation by permissible voltage
losses is not necessary and determinative factor is cross-
section, which is chosen by economic intervals’ updated
universal nomograms.

IV. CONCLUSIONS

The modified method of economic intervals with checking
by permissible heating current and voltage losses is used for
reasonable choice of 0.4 kV cable lines’ cross-sections.

The updated nomograms for 0.4 kV cables with XLPE
isolation and with copper and aluminum cable cores are
constructed.

The consideration of limitation by permissible voltage
losses in cable lines for the method of economic intervals is
fulfilled.

The dependence of cable boundary length on voltage losses
is analyzed and assessed.

In the event if cable line factual length is lower than
boundary length, then determinative factor is economic
reasons in the choice of lines’ cross-sections.

In the event if cable line factual length is bigger than
boundary length, then determinative factor is technical
condition of permissible voltage losses.

41



Power and Electrical Engineering

2013731

REFERENCES
Svetlana Guseva received Dipl. Eng. in 1964,

Cand. Techn. Sc. degree in 1987 and Dr. Sc. Ing.
degree in 1992.

She is Associated professor of Riga Technical
University from 2003. Her research include Power
System Mathematical Simulation and
Optimization

E-mail:guseva@eef.rtu.lv

[1] S. Guseva, L. Petrichenko, “Approach of Optimum Cross-Section
Choice for Cable Lines in Market Prices Conditions’, Proceeding of the
11-th International Conference “Energy-Ecology-Economy, 2012, 15-17
May, High Tatras, Tatranske Matliare, Slovak Republic, 2012, p. 87-
88.

[2] S. Guseva, L. Petrichenko, “Choice of the optimum cross-sections for
20-110-330 kV overhead lines under market conditions”, Latvian
Journal of Physics and Technical Sciences, Nr.6, Vol.49, Riga, Latvia,
2012, p.13-22.

[3] RD 16.405-87 "Calculation of the mass of cable products' materials" (in
Russian).

[4] Lappeenranta university of technology, Department of electrical
engineering. “20/10/0.4 kV three voltage level. Distribution system”,
report, Lappeenranta, Finland, 2005;

[51 V.M. Block, “Choice of optimum sections of a cable taking into account
economic indicators”, Journal of Electrical stations, No. 9-10, 1945, p.
8-12 (in Russian).

[6] V.M. Block, J. N. Astahov, K. V. Larinsh, S. A. Guseva & 1. V. Bejers,
“Method of the cable cross-section choice by universal nomograms”,
Journal of Electricity, No 8, 1976, p.24-27 (in Russian).

[71 V. M. Block, Electrical networks and systems. Moscow, High school,
1986, 430 p.(in Russian)

[8] N. D. Rogaljov, A. G. Zubkova, I.V. Masterova. Energitics economy,
Textbook for high schools; edited by N.D. Rogaljov, M.: Publishing
office MEI, 2005. (in Russian).
http://www.abb.com/cables

[10] http://www.metalprices.com

Lubov Petrichenko received B.Sc. degree in
electrical engineering from the Riga Technical
University (RTU) in 2006 and 2008, from 2010
she is PhD student at RTU.

She is engineer of Design Institute “A/S
Rupnicprojekts”.

e-mail: lubova.petricenko@rtu.lv

Svetlana Guseva, Lubova Petrichenko. 0.4 kV kabelu $kérsgriezuma izvéle péc ekonomiskajiem un tehniskajiem kritérijiem tirgus ekonomikas
apstaklos

Viens no pilsétas elektriska tikla racionalas projekté$anas nosacijumiem ir elektroparvades linijas $kérsgriezuma pareiza izvéle sakumprojektéSanas stadija vai
tiklu rekonstrukcijas gadijuma. Elektroparvades Iiniju optimalais Skersgriezums jabiit izvéléts péc ekonomiskajiem apsv€rumiem, ieverojot tehniskos
noteikumus.un ierobezojumus.

Par galveno kritériju zemsprieguma kabela optimala $k&rsgriezuma izvélei ir piedavatas minimalas summaras ikgadgjas izmaksas, ievérojot pielaujamas silSanas
stravas un sprieguma zuduma vértibas. Dota publikacija Sk&rsgriezuma izvélei tiek izmantota ekonomisko intervalu metode, kura tiek adoptéta tirgus ekonomikas
apstakliem. Metodes praktiskam pielietojumam ir konstruétas universalas stravu ekonomisko intervalu nomogrammas 0.4 kV XLPE kabelu linijam ar aluminija
un vara dzislam iev@rojot pielaujamas silSanas stravas normalaja rezima.

Tiek izpétits un veikts kabelu Skérsgriezumu tehniskais parbaudijums pec pielaujama sprieguma zuduma ekonomisko intervalu metodei. Tiek analiz€ta un
novérteta kabela robezgaruma atkariba no pielaujama sprieguma zuduma. Rezultata iegiits secinajums: ja linijas faktiskais garums L ir mazaks par robezgarumu
L,o., tad noteicoss faktors ir ekonomiskais aprékins, t.i. Sk€rsgriezuma izvé€le janoteic péc ekonomisko intervalu universalam nomogrammam. Ja faktiskais
garums L>L,,, tad noteicoss faktors ir aprékins péc pielaujama sprieguma zuduma.

Skersgriezumu izvéle pec ekonomiskajiem un tehniskajiem apsvérumiem ir aktuals projektéSanas un ekspluatacijas uzdevums misdienu tirgus ekonomikas
apstaklos, kad ir nepiecieSama pamatota un racionala elektroparvades liniju izbuve elektrisko tiklu perspektivai attistibai.

Cperiiana I'ycesa, JIo6oBb IleTpuuenko. BoiGop ceyenusi 0.4 kB kabesist N0 5KOHOMMYECKUM M TEXHHYECKUM KPHMTEPUSIM B YCJIOBHSAX PHIHOYHOM
IKOHOMHUKH

OnHUM H3 YCIIOBHI palMOHAIBHOTO MPOEKTHPOBAHUSI TOPOJCKON SJIEKTPHUYECKOH CETH SBISIETCS NPAaBUIBHBIA BBIOOP CEYCHMs JIMHUI JJEKTponepeaadd Ha
HaYyalbHOU CTaJUU NMPOEKTUPOBAHUS WIHM IPH PEKOHCTPYKIUH ceTell. BEIOOp ONTHMAIbHOTO Ce4eHUs IMHHHU JNIEKTPONepenaud JOIDKEH OCYIIECTBIATHCS IO
9KOHOMHYECKHM COOOPaKEHUSIM, HO IIPH COOJIOICHHU TEXHIYECKHUX YCIOBHII H OTpaHHICHUH.

OCHOBHBIM KPHTEPHEM JUI ONTHMAJIBHOTO BEIOOpa Kabelss HH3KOTO HAIpPSHKEHUS MPEUIOKEH MHHHMYM €XETOJHBIX 3aTpaT, YYHUTHIBAs JOIYCTHMBIH TOK
Harpesa M JIOIyCTUMBbIC IIOTEPH HANpshKeHHs Kabens. B naHHOMN myOnukanum npy BeIOOpE CEUYeHHs HCIONb30BAaH METO/l SKOHOMHYECKHX MHTEPBAJIOB, KOTOPBIi
aJIONTUPOBAH K YCJIOBUSM DBHIHOYHOH OSKOHOMHUKH. J[JIi MHpakTHYECKOTO MPHMEHEHHs [JaHHOTO MeTOoJa IIOCTPOCHBI YHHBApCAIbHBIE HOMOTIPAMMBI
9KOHOMHMYECKHX HHTepBaioB Toka i XLPE xaGeneir 0,4 kB ¢ aqfOMHHHEBBIMH M MEIHBIMH JKHJIAMH, YYUTHIBAIOIINE OTPaHWYEHHS [0 IOIYyCTUMOMY
TOKy.HarpeBa B HOpMaJIbHOM PEXHUMeE.

B crathe mpousBeleHa IpoBepKa TEXHHYECKOTO TPeOOBaHHUSA IO AOMYCTHMOH HOTepH HANPsDKEHHS B Kabene U CEYeHHH IO MeToJa SKOHOMHYECKHX
unHTepBanoB. IIpoaHanu3upoBaHa M OLEHEHAa 3aBUCHMOCTb IPEIENbHON JUIMHBI KaOels OT JOIyCTHMOH IIOTepH HANpsHKEHUS. AHAIU3HPYsS IOIyYeHHEBIE
pe3ynbTaThl, MOKHO CHEIaTh BBIBOJ, YTO NpU (HaKTUUECKOW JJIMHE KaOCIbHOI JIMHMM L MEHbIIE MPEAENbHOH JUIMHBL Lo, ONPEIEISIONMM SBISCTCS
OKOHOMHYECKHI PacuéT, T.e. BBIOOP CEUeHHs AODKEH MPOM3BOJHUTHCS MO YHHUBEPCATbHBIM HOMOTPAaMMaM 9KOHOMHUYECKHX HMHTepBanoB. Ecimu ke L>L,,., TO
OIIPeIeITIONIHM SIBIISIETCSL PACUET IO JOIyCTHMOMH IOTepe HANPSDKEHUS.

BrIGop ceueHHs 1O SKOHOMHYECKUM M TEXHHYECKUM KPUTEPHSM SBISCTCS BaKHOW IPOSKTHOW ¥ IKCIUTYyaTAlMOHHOH 3ajadeil B YCIOBHSX COBPEMEHHOU
PBIHOYHOM SKOHOMHKH TPH HEOOXOJUMOCTH 0OOCHOBAHHOTO U PALIMOHAILHOTO IOCTPOCHUS JEKTPUUECKHUX CeTel IS MX JNaJIbHEHILEero pa3BUTHSL.
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