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Abstract — The application of High-Temperature Low Sag
conductors is one of the possible methods for improving the
existing transmission network nowadays, especially if the
transmission network requires prospective expansion of new
electrical connections.

The purpose of the study has been to evaluate conductors of
conventional core designs like AS, ACSR and composite core
designs like ACCC and ACCR on the basis of the technical and
the economic criteria, and to establish which of these conductors
would be preferable for upgrading the existing network.

The comparative evaluation was based on an existing overhead
line model of the Latvian power network. The results of the
analysis are presented in this paper.

Keywords - Efficiency, estimation technique, power
transmission, supply quality, transmission of electrical energy.

I. NOMENCLATURE

ACCC Aluminium Conductor Composite Core

ACCR Aluminium Conductor Composite
Reinforced

ACSR Aluminium Conductor Steel Reinforced.

AS Aluminium Steel Conductor

HTLS High Temperature Low Sag Conductor

II. INTRODUCTION

Since the transmission grid expansion will be required due
to the significant impact of renewable energy sources, which
are expected to dominate Europe’s energy supply [1], as well
as the impact of important power players such as Russian
Federation, which is expected to increase its generation
capacities by the construction of a nuclear Power Plant (NPP)
in Kaliningrad, the Belarus and Visaginas NPP in Lithuania.

It is necessary to utilize new transmission line projects in
the operation of the grid. For example, the construction of the
planned “Kurzeme Ring” — an energy infrastructure project in
Latvia, with the main purpose of establishing the
interconnection Latvia — Estonia — Sweden for improving the
power supply reliability in the Baltic countries [2]. However,
the low level of capital investments in the building of new
transmission lines reduces the chances of achieving the
desirable result.

Therefore, it is possible to use the existing infrastructure of
the transmission grid with maximum extension of new
technologies into the existing power line systems with less
economic investment and high technical security.

Upgrading of the existing transmission lines is an important
subject, which has been widely discussed in the recent
decades. Different solutions have been used for implementing
this concept with maximum use of line, for example,
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reconstruction of the overhead line for a higher voltage,
replacing the existing conductors by ones with a larger cross-
section, installation of series and shunt compensations,
construction of new supply substations, using control devices
for the power network, increasing the permissible load current
[3].

The case study is to consider the profitability of replacing
the conventional core designs conductor with a HTLS
conductor [4], [5], [6] by technical and economic evaluation.

The comparison of the proposed application has been based
on an existing Latvian power line model. The analysis of an
evaluation results are presented in the paper.

III. THE INITIAL DATA OF THE OVERHEAD LINE MODEL

A. The existing Overhead Line Route

For evaluation purposes, an existing overhead line route
LN-266A of the Latvian transmission network has been
selected (see Fig. 1). The length of the existing transmission

line is 6,7 km.
1 Substation Ventspils

1ol

Substation Alsunga

ion Venta

7 S 1 S
I b o \
\ B ]
N Substation Aizpute 7/
~ -,
~ N _——m—— -

Substation Grobina

Fig. 1. Electrical diagram of the existing overhead line route LN-266A.

The simulation tasks were based on the pre-design version
as one part of the planned “Kurzeme Ring” project — Aizpute
branch. It means that the line tower and conductor types were
chosen according to the technical specification requirements
of a pre-design version, but with some assumptions:

1) As a length of the selected overhead line of 6,7 km that
is too small for observing the necessary profitability of the
simulation tasks, a 50 km long 110 kV single-circuit overhead
line was conditionally assumed;

2) In the technical specification of a planned project a new

LN-266 has to transmit current not less than 1200A of a

110 kV circuit, but in this paper a maximum electric power

capacity of 850 A has been selected;
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3) The existing initial data of an overhead line LN-266A of

a conductor type is AS-95/16, but for the new transmission

line LN-266 it will be ACSR 242-AL1/39-ST1A, therefore

the conductor types were selected according to a new

conductor ACSR.

The climatic conditions in the transmission line route

area are assumed as follows:

e Wind pressure: 65 kg/m2 (wind region II);

e Ice thickness: 10 mm (icing region II);

e Minimum temperature: —35°C;

e Maximum temperature of conductor: +35°C;

e Maximum temperature of conductor: +70°C;

e Average operating temperature: +5°C [7].

As 110kV overhead line towers, S110-2 (1T-24) type
concrete intermediate and AT110-2 (3T-23) tension towers
were adopted (see Fig. 2).
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Fig. 2. The front view of the towers:

a) AT110-2 (3T-23); b) S110-2 (1T-24).
B. The Technical Characterization of the Selected
Conductors

There are five different conductor types, which are taken as
the basis for the simulation tasks. The technical data of the
conductors are presented in Table 1.

The presented conductors were selected taking into account
the main technical parameters — the cross-section area of the
aluminium in a conductor and an active resistance. Therefore,
as the selected conductor of a new power line LN-266 is
ACSR 242-AL1/39-ST1A, then an aluminium steel conductor
AS-240/32 and three HTLS conductors with similar
corresponding parameters were selected.

TABLE |
TECHNICAL DATA OF EXAMINED CONDUCTORS FOR LN-266
Sym- | Quantity Unit | AS- 242- Glas- | Casa- | Hawk
bol 240/32 |AL1/39-| gow | blanca | 477

2013/31
STIA
d [Conductor mm 21.6 21.8 19.53 20.5 21.6
diameter
s |[Conductor mm?® | 275.7 282.5 | 284.42 | 309.74 | 277
lcross-section
E [Conductor kg/ 7700 7849 7640 7450 | 7800
imodulus of 2
.. mm
elasticity
o |Coefficientof | 1/°C | 19.8/ | 18.99/ | 17.49/ | 18.63/ | 16.7/
linear 10° | 100 | 100 | 100 | 10°
lexpansion
P1 (Conductor kg/m | 0.921 0.98 0.743 | 0.823 | 0.793
linear load
Y1 |[Conductor |kg/m-| 3.34/ | 3.469/ | 2.61/ 2.66/ | 2.86/

2
reduced mme 10° 10° 10° 10°
specific load

P4 |Linear load of| kg/m
maximum
wind

P3 |Linear load of| kg/m
conductor
weight and ice
weight

N  [Conductor pcs. 2 2 1 1 1
quantity per
Iphase

1.227 | 1.238 1.21 1.164 | 1.227

1.814 1.879 | 1.578 | 1.685 | 1.686

The presented conductors are an aluminium steel conductor
AS-240/32, ACSR and three HTLS conductors with similar
corresponding parameters [8].

The conductors “Glasgow” and “Casablanca” are of the
ACCC type, the conductor “Hawk” is of the ACCR type, and
the last of the selected conductors, “242-AL1/39-ST1A”, is an
ACSR.

The traditional type of conductor ACSR is a concentrically
stranded conductor composed of one or more layers of hard-
drawn aluminum wire stranded with a high-strength coated
steel core [9].

The ACCC conductor consists of a hybrid carbon and glass
fiber core, which is stranded with trapezoidal shaped
aluminium strands [10].

The ACCR conductor relies only on aluminium-based
materials. The core is a revolutionary aluminium alloy that has
the strength and stiffness of steel with a lower coefficient of
thermal expansion and less weight [11].

IV. A COMPARATIVE ASSESSMENT OF THE EXAMINED
CONDUCTORS

The special program “SAPR LEP 2011” was used for
systematic calculation of the examined conductors. The
calculation methodology includes approximate
interrelationships based on the parabolic sag curve. It is
assumed that both ends of the conductor span are situated at
the same level. Then a calculation of the critical spans follows
and, based on it, a determination of the modes for conductor
estimation. These are followed by the systematic conductor
calculation itself, based on an equation of state for eleven
modes [12].
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The technical comparison of the examined conductors was
based on mechanical and thermal limitations, as well as the
economic profitability.

A. The Technical Evaluation of the Conductors

Concerning the mechanical limitation, in this case the
mechanical tension, conductor sag, the permissible span was
adopted.

The obtained results of the systematic calculation of
conductors were taken only for two modes:

1. conductor heat-up mode at +35°C;

2. conductor heat-up mode at +70°C;

Both modes were taken as the restricting modes for the
placement of towers on a profile (the limitation for the
maximum sag in a particular span).

The mechanical tension of a conductor for both modes is
presented in Fig. 3, 4.

Fig. 3 shows that the tension in a line for the heat-up mode
at +35°C of the ACCC and ACCR conductors is higher as
compared with the traditional type conductor, in this case AS
and ACSR. The same tendency is observed in a power line for
the conductor heat-up mode at +70°C in Fig. 4, but in this case
the mechanical voltage values of the examined conductors are
smaller as compared with the conductor heat-up mode at
+35°C.
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Fig. 3. The tension-length relationship in a conductor heat-up mode at +35°C
of the different types of conductor of a line LN-266.
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Fig. 4. The tension-length relationship in a conductor heat-up mode at +70°C
of the different types of conductor of a line LN-266
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The conductor sag for both modes is presented in Fig. 5, 6.
After analyzing the received values, it can be concluded, that
for both graphs the largest sag occurs in conductors of
conventional core designs like AS and ACSR compared with
the HTLS conductors like ACCR and ACCC.
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Fig. 5. The sag-length relationship in a conductor heat-up mode at +35°C of
the different types of conductor of a line LN-266.

The permissible spans of the examined conductors are
presented in Fig. 7. It shows that the wind spans (L;,q) are the
decisive spans of all described conductors. For example, Lyug
of an AS-240/32 type conductor is 403.6 m, which is the worst
parameter as compared with the clearance span (L), which is
436.5 m at +35°C and 414.0 m at +70°C, and the weight span
(Leignt), which is 414.3 m.
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Fig. 6. The sag-length relationship in a conductor heat-up mode at +70°C of
the different types of conductor of a line LN-266.

For other conductors, this comparison has the same
behavior. The conductor “Casablanca” is preferable, because
the maximum allowable wind span is 425.4 m, which is by
about 25.4 m more than in the case of using “242AL1/39-
STI1A”, or by about 21.8 m more than in the case of using
“AS-240/32” and “Hawk 477, and about 16.1 m more than in
the case of using Glasgow, if all the other conditions remain
the same.
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m

2XAS- 5 ,}X , 1x IxCasa- | lxHawk
240732 242aLL Glasgow Dblanca 477
T 39-ST1A e
Lwind 403.6 400.0 4093 4254 403.4
Lweight 414.3 400.0 476.3 446.1 4458
Lelat+35°C|  436.5 411.8 5859 5333 4874
T.elat +70°C 414.0 393.0 5749 508.2 470.1

Fig. 7. The allowable wind (Luing), weight (Ly.cign) and clearance (L.) spans of
the different types of conductor of a line LN-266.

Concerning the thermal limitation like the capacity of the
line and the permissible conductor temperature for the
comparison purposes, it is presented in Table II.

As a result it can be concluded that the HTLS conductors
like ACCC and ACCR have the maximum permissible
conductor temperature compared with the ACSR and AS
conductor. In this case the installed capacity of 850 A is
provided with one conductor per phase for ACCC and ACCR
as compared with the AS and ACSR (see table II). Therefore,
the higher is the permissible conductor temperature, the higher
is the capacity that can be transmitted over a particular
overhead line, of course without worsening the electrical
parameters. For example, if the conductor “Casablanca” is
used, then its permissible conductor temperature is 120°C and
as a result it provides 922A of one conductor phase.

Unfortunately, this aspect has also a negative effect, in this
case, the active power losses, which have a tendency for rising
with the increase of the maximum current (see Table II).

TABLE I
THE THERMAL PARAMETERS OF DIFFERENT CONDUCTOR TYPES FOR LN-266

Installation of a conductor

B. The Economic Evaluation of the Conductors

The economic comparison is based on two main criteria:
1) The quantity of tension and intermediate towers;
2) The total amount of required material and equipment.

The total investments for a transmission line model did not
take into account power line losses, the lighting cable and its
installation, the land and transportation costs, or operational
and designing costs, because of, firstly, the case of a study was
to evaluate how a saving of the quantity of intermediate
towers as well as total required material and equipment
including the chosen type of a conductor influences the total
construction costs of a particular line, secondly, the initial
investments of a pre-design version were reviewed only, but
not the operation costs during the line exploitation. Besides,
the presented comparative evaluation is of an approximate
nature, since the prices are the subject to change.

The length of the route is assumed to be 50 km. Therefore,
as the placement of towers on a profile depends on the
calculated clearance, wind and the weight spans of the
examined conductors, the quantity of intermediate towers (Ns)
was determined for conductor heat-up mode at +35°C. It can
be calculated with the following expression:

L
N=—, 1
™ )

where L — the length of the power line route, m;
L, — the clearance span, m; the values of this parameter
are presented in Fig. 6.

As a result, there are 125 pc for the conductor AS-240/32;
124 pc for 242AL1/ 39-ST1A; 122 pc for Glasgow; 118 pc for
Casablanca and 124 pc for Hawk 477.

Therefore, when the number of towers is known, the total
required material and equipment for line construction can be
found.

An approximate calculation of the total investments (CX)
consists of five main parts and is determined by the following
formula:

CZ :Cc+Cs+Cf +Cstr+czi s 2)

Each component of (2) is determined by a corresponding

c,=n,-3N,, -L-c. 3

n. — the number of circuit in line (single circuit (n=1);

AS-240/32 | 242AL1/ 39- Glasgow Casablanca | Hawk 477
ST1A "
— where C, — the cost of a conductor, r.v. .;
Thermal limitations
C, — the cost of a tower, r.v.;
Permissible conductor temperature, °C C; — the cost of a foundation, .v.;
& st
70 80 120 120 210 Cyi — the cost of a string, r.v.;
Permissible capacity, A Cy; — the total installation costs, r.v..
gy 23 23 23 33 expression, which is presented below.
S < s < s < s < < The cost of a conductor (C.):
25 12100 25| 1260 | B 5] 852 | E ] 922 | B g 1293 o
o o o o o o o o, o aof
N o — — —
AC and DC resistance at operating temperature, /km where
Roca |y 1180 fRocar |y 1195 (Raca |y 16842 Racat | 145084 92045 | double circuit (n=2) or more);
20°C 20°C 120°C 120°C 210°C
Active power loses (AP,) at operating temperature, kW/km
246.9 284.6 366.8 377.7 902.7

" Avoid index disclosure commercial information, the prices are given in
relative value (r.v.)
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N, — the number of conductor per phase;

L — the length of the power line route, m;

¢ — the price of conductor for 1 m, r. v.
The cost of a tower (Cy):

C.=m.-N.-c, (4)

where mg — the metal weight for one particular tower, t;
N; — the total quantity of towers, pc;
¢ — the price of metal of tower for 1 t, r. v.
The cost of a foundation (Cy):

szw-Nycp (5)

where v;— the volume of reinforced concrete foundation for
one particular tower, m?;
¢t — the price of reinforced concrete foundation for
1mdr.v.
The cost of a string (Cy,):

Cstr =N Ny - Ns “Cor» (6)
where ng, — the number of strings for one circuit, pc;
c; — the price of string for 1 pc, r. v.
The total installation costs (Cy;):
Csi =Cic +Cis + Cit + Cistr 7
where C;. — the installation costs of a conductor, r.v.;
C;s— the installation costs of a tower, r.v.;
Cir — the installation costs of a foundation, r.v.;
Cise — the installation costs of a string, r.v.

The total investment for the construction of a 110 kV
overhead line LN-266 (see Fig. 8), in the case of using the
traditional type conductors “AS-240/32”, “242AL1/39-ST1A”
and ACCR — “Hawk 4777, turned out to be higher than the
costs of constructing a 110 kV overhead line, when using the
HTLS conductors “Casablanca” and “Glasgow”. The
difference between “AS-240/32” and ACCC conductors
(“Glasgow” and “Casablanca”) is about 2.8%, as compared
with ACCR (“Hawk 477”), where it is 3.9%. However, the
total costs of a line using “Casablanca” is the optimal variant,
because of minimum total investments — 84180000 r.v., then
goes “Glasgow” — 85960000 r.v., then there are AS and ACSR
conductors, and the last one is “Hawk 477” conductor of
ACCR type with the total costs 87480000 r.v.

As a result, for these initial data of the particular line model,
economic efficiency of using conductors with composite core
is observed in the case with the ACCC conductor —
“Casablanca”.

The high price of the ACCC and ACCR conductor types
also play the main role; in the simulation task, it was taken to
be about 2.5 times higher as compared with the traditional
type conductor. If the price will be reduced, the application of
HTLS conductors could be more productivity.
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Fig. 8. Overhead line LN-266 construction costs.

V.CONCLUSIONS

The comparative assessment of conductors with
conventional core designs like AS and ACSR and composite
core designs like ACCC and ACCR was based on the
technical and economic efficiency.

There are some main results of the technical comparison,
demonstrating the following:

1) If the initial conditions remain the same, except the
allowable conductor temperature of a particular type of
conductor, ACCC (“Casablanca”) compared to traditional type
conductor like ACSR (“242AL1/39-ST1A”) is preferable,
because the wind span is increased by 25.4 m or by about
6.4%; correspondingly, the number of towers diminishes by 6
and the number of insulator units — by about 18;

2) The largest tension, therefore, the smallest sag and the
largest clearance to the ground is observed in the case of
ACCC and ACCR type conductors; an opposite tendency is
observed in ACSR type conductors.

There are some main results of the economic comparison,
which shows the following:

1) It can be concluded that the “Casablanca” type conductor
has the smallest total construction costs (84180000 r.v.),
whereas the conductor “Hawk 4777, which is ACCR
conductor, has the highest costs (87480000 r.v.);

2) Concerning the traditional type conductors, which are
AS-240/32 and 242AL1/39-ST1A, the total costs of it are
higher as compared with the ACCC conductors;

3) If the price of conductors with composite core is reduced,
the use of HTLS conductors replacing the traditional type
conductors can be more economically justified, yet at the same
time, it can be one of the reasonable methods for increasing
the limited capacity of the existing overhead lines.
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Svetlana Berjozkina, Antans Sauhats, Edvins Vanzovi¢s. Augsttemperatiiras vadu rentabilitates novértéjums

Sakara ar parvades elektrotikla paplasinasanas nepiecieSamibu pastav iespgja izmantot parvades elektrotikla eso$o infrastruktiiru ar maksimalu jauno tehnologiju
attistibu un pielagoSanu esosajas elektroparvades liniju sistémas ar mazakam ekonomiskam investicijam un augstu tehnisko droSumu. Augsttemperattiras vadu
izmanto$ana ir nozimigs misdienu panémiens, uzlabojot un modernizgjot parvades tiklu.

Darbs veltits dazadu augsttemperatiiras un tradicionala tipa vadu salidzinoSam novért§jumam péc tehniskajiem un ekonomiskajiem apsvérumiem. Vadu
salidzinajums pé&c tehniskajiem kritérijiem balstas, galvenokart, uz mehanisko (vada mehaniskais spriegums, vada nokare un pielaujamie laidumi) un termisko
(Iinijas caurlaides sp&ja un vada pielaujama temperatiira) ierobezojumu novértéSanu. Kas attiecas uz vadu ekonomisko novértjumu, tad $in1 gadijuma tika
analiz&tas kopgjas elektroparvades Iinijas izmaksas, kas sastav no vadu, balstu, balsta pamatu, virtenu un to montazas izmaksam.

Vadu rentabilitates novértéjums tika piemérots vienam no energoobjekta ,,Kurzemes loks”

prieksSprojektéSanas posmiem, kas nozimé, ka gaisvadu linijas

tradicionala tipa vadi un balstu tipi bija izvEleti jau ieprieks, atbilstosi tehniskai specifikacijai. Lidz ar to, salidzindgjumam tika izv€léti pieci vadu tipi, no kuriem
divi ir teraudaluminija vadi, piem&ram, AS-240/32 un trTs — augsttemperattiras vadi, pieméram, “Casablanca”.
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Ka rezultata, dazadu tipu vadu salidzino$ais novért§jums paradija augsttemperatiras vadu rentabilitati péc tehniskajiem un ekonomiskajiem krit€rijiem,
aizvietojot ar tiem tradicionala tipa vadus. Turklat augsttemperatiras vadu izmantoSana varétu biit vél efektivaka, ja samazinatos $adas konstrukcijas vadu augsta
cena. Taja pasa laika §1 var biit viena no pamatotam metodeém, lai palielinatu esoSo gaisvadu liniju ierobezoto caurlaides sp&ju ar mazakam kop&jam investicijam.

Caetiiana bepéskuna, Auranc Cayxarc, 9aBuHc BansoBuuc. AHaIm3 3(ppeKTHBHOCTH BBICOKOTEMIIEPATYPHBIX IPOBO/I0B

B cBs13u ¢ HEOOXOAUMOCTBIO PACIINPEHHS JINHUI 3IeKTPOIepeladl CyIeCTBYeT BO3MOXKHOCTD HCIIONB30BAHHS CYIECTBYIOMEH HHPPACTPYKTYPHI JIEKTPOCETH
¢ MaKCHMaJIbHBIM Pa3BHTHEM H BHEIPEHUEM HOBBIX TEXHOJOTHHU B CYLIECTBYIONIHE MIEKTPHUECKHE CHCTEMBI ¢ HEOOJIBITMMH YKOHOMUYECKIMI HHBECTHIHSIMA 1
BBICOKOI TEXHHYECKON HaI&KHOCThIO. VCIOIb30BaHHE BBICOKOTEMIIEPATYPHBIX IIPOBOJOB SBISACTCA BaXXHBIM CIIOCOOOM YJIyYIICHHS U MOJCPHU3ALMH
CYIIECTBYIOIINX YHEProceTell B HACTOSIIee BpeMsl.

PabGoTa mocBsIIeHA CPaBHUTEIHHOH OIEHKE pa3IHYHBIX BBICOKOTEMIEPATYPHBIX M TPAIUIMOHHOTO THIIA IIPOBOJOB IO TEXHUYECKHMM M SKOHOMUYECKHM
acrektaM. B OCHOBHOM, aHalu3 NPOBOJOB IO TEXHUYECKHM KPUTEPHUSIM OCHOBBIBAETCS HAa MEXAHHUECKOH (MEeXaHMYecKoe HalpshKeHHE B IIPOBOJIE, HPOBEC
IIPOBOJA U JOIyCTUMBIE IPOJETHI) U TEIUIOBOH (IPOIyCKHAsl CIOCOOHOCTH JIMHUH H JOMYCTHMAas TeMIepaTypa IpoBOJa) OLEHKe orpaHudeHuid. Yto kacaercs
9KOHOMHYECKOH OIEHKH IIPOBOJIOB, TO B 3TOM CIydae aHAIU3HPYIOTCS OOIIHEe PACXOAbl Ha CTPOUTENHCTBO JHHUH, COCTOSINNE U3 3aTPaT Ha IPOBOJA, OIOPEL,
(yHIaMEHTEI OIIOp, H30JATOPEI 1 MOHTAX.

Ouenka 3¢ GeKTHBHOCTU NPOBOJOB ObUTa NPHMEHEHA K OJHOMY M3 HPEANPOEKTHBIX JTANOB dHeprerndeckoro oovekra "Kypsemec kompua'", 3T0 3HAYHT, YTO
TpaJUIHOHHOr0 TUIIa IPOBOA U THIIHI ONIOP OBLIH BHIOpaHEI 3apaHee B COOTBETCTBHU C TEXHUUECKOIl crienudukanueil. [ToaToMy i cpaBHEHHS OBLIO BEIOpaHEI
STh TUIIOB MPOBOJIOB, JIBA U3 KOTOPBIX CTEJICATIOMUHHIEBBIC IPOBO/A, Takue Kak AS-240/32 1 Tpu — BBICOKOTEMIIEpaTypHbIC POBO/Ia, HanpuMmep, "Casablanca".
CpaBHUTEIbHBII aHAJIM3 PA3IMYHBIX TUIIOB MPOBOJIOB MOKa3al 3(()eKTHBHOCTH 3aMEHBI IPOBOJIOB TPAJUIIMOHHOIO THIIA HA BHICOKOTEMIIEPATyPHBIE IIPOBO/A TT0
TeXHUYECKHM U SKOHOMHYECKHM KpUTepHsaM. KpoMe Toro, HCHoIbp30BaHNE BHICOKOTEMIIEPATyPHBIX IPOBOJOB MOXET OBITH Ooliee peHTaOeIbHBIM, eciu OyayT
CHIDKCHBI BBICOKHE IIEHBI IIPOBOJOB JAHHOI KOHCTPYKIMH. B TO e Bpems, 3TO MOXeT OBITh OJHHM U3 pa3yMHBIX METOIOB HOBBINICHHS OTPAaHUYCHHOU
HPOITYCKHOM CIIOCOOHOCTH CYIIECTBYIOMINX BO3LYIIHBIX JTHHHIL.
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