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History of Conductors in Power Systems

First real practical use of electricity began with the telegraph (1860s) and then arc lighting in the 1870s
Early 1880s — Edison introduced Pearl Street DC system in Manhattan supplying 59 customers
1884 — Sprague produces practical DC motor

1885 — invention of transformer

Late 1880s — Tesla invents AC induction motor

Early 1900s — Private utilities supply all customers Iin area (city); recogmzed.as a natural monopoly;
states step in to begin regulation

By 1920s — Large interstate halding companies control most electricity systems



Power System Transformation

Power System of Today

Power System of Future

Today’s Power System
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What are the types of Conductors In
MV transmission?

Broadly classified as:

1. Bare Conductor 2. Undergr Calle 3. Cﬂered Conductor .
(Overhead or OH) (Undergro or UG) EF)

Figure. lllustration of Bare OH, UG Conductor, andsvered OH Conductors
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Bare Conductors

« Medium voltage distribution networks (MVDN) largely use bare (uninsulated) conductors, which
have the following attributes:

s Easy installation and economical maintenance.

In.comparison, low economic burden.

Can easily looped between poles and are composed of various materials.

Over-headed in nature and resides on the roadsideé poles

Collective length of the whole assembly provides a suitable ground clearance for the conductors
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 However, bare conductors are susceptible to the risk of failure and may impact environmental
vicinity.
« Bare conductor that falls within contact distance of immediate undergrowth in the surrounding
area may result in:
s Grounding path for bare live conductors

+» Damage to the conductors through arcing
s Cause fire
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Bare Conductors, Contd.

* For the falling bare conductor Tree branches may provide a high resistance path that may not o
perate protection devices, however, the low current can cause the conductor fibers to ignite and f
all down on the ground, thus starting fire and causing safety issues on ground.

 Possible Solution:
* Insulated/Covered conductor systems for distribution
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Undergrodl
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Underground (UG) conductors/cables are power app ications-where-itis-impractical.diffictlt
, or dangerous to use the OH lines. — - —

X/

% They are widely used in dengely populated urban"_ 5Tin factories, ar
from the overhead posts to the consumer premises.
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Usefulness of using underground cables:

% Suitable for congested urban areas with installatio
Low maintenance
Small voltage drops
Fewer faults
Not susceptible to shaking and shortin to vibrations, wiRe |
Not easy to steal, make illegal connections or sabotage

Poses no danger to wil ow flying objects.
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Undergrount@

1- & \\
Issues regarding using underground cables:

-

* More expensive than OH corﬂlictors (2t0 6 times asiperapp ——
< Fault identification sometime becomes challenging )\

¢ Difficult to repair the broken UG cables 2 <

< Damage to UG cables is possible inease of-any construction QLo

*» Electrocution may occur to p_egple if unaware of live UG cable







Covered Conductors

Lie between OH bare conductors and Covered UG conductors.
— European Committee for Electro-technical Standardization Std. EN 50397 (CC up to 36 kV)

— Def: “It consists of a conductor surrounded by a covering made of insulating material as protection
against accidental contacts with other covered conductors and with grounded parts.”

— Comprises of single core conductors with a variety of insulation layers and outer sheath coverings

Covered conductors (CC) types used at distribution voltages usually includes:
% Cross-Linked Polyethylene (XLPE) and High Density Polyethylene (HDPE)
¢ Aerial cable systems
% Spacer Cable concept

15



3. Covered Conductors, Contd.

» CC types used at distribution voltages include:

% XLPE/HDPE based CC
= Single or multiple sheathed.
= Most common sheath materials.
= Conductors: Cu, Al, ACSR, AACSR, etc.

15







Covered Conductors Types

Single sheath CC: The characteristics of single sheath CCs are:

Typically low density XLPE and covers thickness up to 3.3 mm till 33KV

Normally use aluminum alloy conductors (AAC) with an XLPE or HDPE sheath of 2.3mm thickness.
1.6 mm thick sheath for ACSR and 1.8 mm thick sheath for AACSR

Cu is used in extremely salt-polluted environments.

HDPE sheathed conductor is used in coastal environments with less carbon %:

Provides some resistance to outages caused by tree and wildlife contact.

The thinner sheaths reduce the overall diameter, that leads to lower vibration levels.

Single Sheathed CC



Covered Conductors Types, Contd.

Multiple sheath CC: The characteristics of multiple sheath CCs are:
— Two or three sheath layers at medium voltage (6.6-33kV)
— The three layers (Figures below) corresponds to:
= Semi-conducting sheath (A) close to the metal conductor to egualize out the electric
field
= An insulating polyethylene sheath (B)
» A hard abrasion-resistant outside layer of HDPE (C)

= KESC (Baldiya and Liyari for Theft.control)

Muluple Sheathed CC






Covered Conductors Types, Contd.

Spacer cable
= |tis three CC phases in a polymeric support cradle
= A messenger-supported 3 layer cable construction in a close triangular configuration
= The mechanical strength to weather severe storms

= The electrical strength to prevent faults due to phase to phase or phase to ground
contact, tree contact or animal contact

= A complete coordinated system including-cable, messenger, spacers, insulators and
hardware

Tangent

Bracket
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Covered Conductors Types, Contd.

Aerial cable

s The features of aerial cable are:
= |tis insulated 3-core cable with an earth screen
= Used for OH applications.
= Fully shielded three core power cables
= EXxcellent contact resistance
= Go overhead, underground, underwater
= Less voltage drop than CC and bare
= \Weather resistant aerial bundled cable (AAC or AAAC or ACSR) and neutral Conductor

Dead end spiral  ghoeath
Screem  ypp
- =4 = 4

insulation

Conductors




Covered Conductors Types, Contd.
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Reliability

Cost

Fig. Comparison of schematic reliability of conductors
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Covered Conductors, Contd.

« The advantages attributed to OH CC are shown as follows:

1.

N

ST

Reduce the probability of contact between live conductors and surrounding materials
Reduce the overall technical losses due to direct hooking and thetft.

Reduction in maintenance cost of the system.

Decreases the spread of hazardous non — linear electric fields.

Increases the stability of the voltage and current profiles through the distribution lines
Decrease in the probability of power outages.

Improve the quality of the delivered power to the consumers

Improve the reliability of the network operationally and economically.
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Monthly Tripping in IESCO (Data: 2017)
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ISLAMABAD ELECTRIC SUPPLY COMPANY

Performance Standard (Distribution)

1st Quarterly Performance Report -----(07/2019-09/2019)
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Accidents iIn MV Discos of Pakistan

Safety (No. of Fatal Accidents for both Employees and Public)
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Problem Formulation of CC

o The Problem formulation of CC utilization usually aims at reduction of the associated costs:

O The additional costs of operational damages and poor quality of the delivered energy to the consumer
needs to be strongly decreased.

O The transmission system will not afford any external costs that are associated with:
*» Cost of maintenance vehicles that are utilized.to solve very dangerous faults,
¢ Cost of planes that are utilized to make difficult repairs
s Wages of the excessive labor to work in extreme climate conditions with more time waste

O A great savings in money will be achieved that will increase the reliability and enhance the economics
of the MV transmission system that utilized CCs.
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Problem Formulation of CC, Contd.

Methodology to calculate the total cost of the medium transmission system that utilized CCs is:

The law of Kelvin procedures that states “the total cost of the transmission system is divided into two
major categories in eqn. 1 (with possible addition of other costs in egn.2)”.

The first one involves the capital costs that are independent of the cross sectional area (CSA) of the
utilized CC cables or any other element of the network

The second involves the costs that are directly associated with the CSA©of the utilized CC cables

Cr=Ce+Co (1)

where.

Cr is the total cost of medium transmission lines that utilized CCs.

C¢ is the total capital cost during installation that are independent of
CSA of CC cables.

Co is the other costs that are related to CSA of CC cables.

n

Cr= / [Celt) + Cr(t) + Cr(r)] dt (2)

=0

where.
Cr is the initial fixed costs that involve the costs of outages or faults.
Cr is the total running operating costs.
n is total lifetime of the system that utilized CCs.







On ground Impact at a Glance

o Scope of Installation: (1) LT service main (440 V); (2) 11KV MV feeder

a

a

Implemented at LT in two sub-divisions of MEPCO. (1) Multan-Circle City S/D; (2) DG Khan Circle

Implemented at both LT and MV level in KESC - Project Ujala
s KESC Aerial ABC CC Project (Project Ujala) worth around-150 Million USD
s CNEEC was the EPC contractor, that executed the project

K-Electric (KESC) implemented this project at the following locations in Karachi.
s Gulshan-e-Igbal
% Bhittai Colony
» Liagat Market (Malir)
% PKT Colony (Defense)
% Naval Colony (Baldia)

Immediate Effect: In Gulshan-e-Igbal alone, losses drastically reduced to 80% of initial value and 90%
area was exempted from load shedding.

¢ Puncturing of ABC cables is extremely difficult and pilferage (direct hooking) was reduced to zero
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