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Introduction
Cable theft is an extremely serious crime 
with devastating effects on Society, 
Industry and Business at large

Often causes irreparable damage to Utility 
infrastructure and results in the 
disruption of both Essential services and 
Emergency services and additional loss in 
revenues due to business’s not being able 
to operate normally.

It is reported that cable theft conservatively 
costs the South African Economy about 
R5bn a year including both direct and 
indirect costs (Some Sources report much 
more). [http://www.combinedpi.co.za]

[News24]
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Introduction

2015-12-14 :Johannesburg –President signed the Criminal Matters Amendment

Act, 2015, into law on Monday, the Presidency said, a move that spells bad news for

cable and scrap metal thieves.

The act amends the Criminal Procedure Act, 1977, and introduces harsher

sentences for the destruction of essential infrastructure and more stringent bail

conditions and applications for perpetrators.

"The amendments provide for changes to the law pertaining to infrastructure-related

offences by making stricter provisions for the granting of bail, the sentencing of

offenders and creating a new offence to criminalise damage to, tampering with or

destruction of essential infrastructure which may interfere with the provision of basic

services to the public," Presidency spokesperson Bongani Majola said in a

statement.

[News24]
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Copper is the preferred conductor for electrical power cables and 
earthing systems

Unfortunately, it’s very clear that the price of copper and the demand internationally copper theft is on the increase!
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Typical MV/MV substation and associated equipment
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Equipment in substations:

• Power transformers 
(±R15mil)

• HV Switchgear (±R3mil)

• MV switchgear (±R2mil)

• Protection relays (±R1mil)

• Batteries (±R200k)

• MV cables (±R3mil)

• LV control cables (±R600k)

• Structures (±R300k)

• Earthing (±R500k)



The important earth mat that ensures safety of staff and public
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Importance of earthing 
in substations:

• Safety of staff and 
public

• Return path for fault 
currents

• Lighting protection for 
equipment (dissipate 
high fault currents)

• Voltage clamping
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Earthing conductors need to be rated (kA and secs) and 
connected correctly otherwise it will fuse under fault conditions



What can we do as an industry?

What are the means available to the Industry to deter cable and 

conductor theft?

1) Physically restrain cables and conductors.

2) Unique identification marking in or on cables and conductors 

(ownership traceability). 

3) Visual means to identify anti-theft cables at a glance.

4) Alarm system with vibration sensors or fiberoptic cable. (Rection 

time is important)

5) Design cables with alternative conductor materials. Rather not 

install copper conductors.
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Cable standards for cable marking

SANS 1741: Unique conductor and cable marking

systems.

The document deals with conductor and cable marking

guideline aspects such as marking techniques (direct

marking, batch marking, sequential marking and

combination marking), marking location and limitations, data

and database requirements.
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Copperweld Bimetallic Copper Clad technologies (CCS and CCAA) and 
associated conductor and cable standards

Copperweld company:

• Pioneers of bimetallic conductor technology and the world’s leading brand 

• Facilities in USA, UK and Belgium

• Founded in 1915 in Rankin, Pennsylvania as “Copper-Clad Steel Company”

• Headquarters in Nashville, Tennessee (Near to the Jack Daniels factory)

• Current production plant established in 1975 in Fayetteville, Tennessee

• Copper Clad Steel used in the second world war
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Copperlite™ (CCAA)CAMO™ (CCS)
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Inventors of bimetallic wire

Rankin, PA, USA – 1915

Copperweld Bimetallic Copper Clad technologies (CCS and CCAA) and 
associated conductor and cable standards



Worldwide presence
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Steel or Aluminum Alloy Core

Copper 
Cladding
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Copperlite™
(CCAA)

Copperweld Bimetallic Copper Clad technologies (CCS and CCAA) and 
associated conductor and cable standards

CAMO™ (CCS)



NRS 102: Theft Deterrent Earthing Materials (cont.)

Basic properties for these materials:

• corrosion resistance

• high electrical ampacity

• mechanical robustness and

• limited scrap value

CCS is 40 % IACS (Copper is a 100%)

Further deterrent to theft is to treat the surface so as to

discolour not to resemble copper.

Rated for fusing temperature of 1084 oC

[CopperWeld]
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NRS 102: Theft Deterrent Earthing Materials

This standard deals with conductors and connectors

and references international standards:

• ASTM B228-04, Standard specification for 

concentric lay stranded CCS conductors.

• ASTM B910, Standard specification for annealed 

CCS wire.

Copper Clad Steel (CCS) definition:

Bimetallic conductor that is manufactured by a

mechanical bonding process that produces a

metallurgical bond between a solid oxygen-free

copper layer and a steel core.
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Anti-Theft Conductors



Copper Clad Steel (CCS)

Application for Earthing/Bonding Purposes

Mature technology in solid and stranded configurations

No local rod manufacturing capability, but stranding and insulation can be

done locally
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Too good to be true?
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Fault current comparison
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Compatible connectors:

• Exothermic Weld – 1000ºC

• Swage Crimping – 850ºC

• Compression – 250ºC

• Hard Drawn Copper – 250ºC

Crimp

Compression Swage

Exothermic

Works with all standard connectors
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WG - SANS 1411-1: Materials of insulated electric

cables and flexible cords - Conductors

A SABS workgroup met a number of times for 3 years

and the CD document was completed and circulated at

the end of 2016.

The WG considered the inclusion of additional conductor

material types specifically intended for specialized anti-

theft cable types:

• CCS

• CCAA

• Al Alloy

• Mix of metals

• Steel

The revision is however delayed for now and a different

approach was agreed to by SABS TC 66

Anti-Theft Conductors
Copperweld Bimetallic Copper Clad technologies (CCS and CCAA) and 
associated conductors and cable standards



NRS 110

LOW VOLTAGE UTILITY POWER AND

CONTROL CABLES WITH COPPER CLAD

ALUMINIUM ALLOY (CCAA) CONDUCTORS

FOR THEFT PREVENTION

The NRS WG considered mainly feasible

alternative conductors. A final decision was to

start with CCAA and the later to consider

Aluminum Alloys

This standard will be published in June 2019

and then exciting cable development can be

officially started for utility purposes
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NRS 110 LOW VOLTAGE UTILITY POWER AND CONTROL CABLES WITH COPPER CLAD ALUMINIUM

ALLOY (CCAA) CONDUCTORS FOR THEFT PREVENTION

This specification is a guideline and specifies requirements for utility low voltage power and control cables

with copper clad aluminium alloy (CCAA) conductors for use in theft deterrent low voltage cable

constructions up to 600/1000 V AC.

It covers solid and stranded circular or shaped conductors specified for use in insulated electric power and

control cables. These cables are intended for use only up to the point of supply as defined in SANS 10142-1.

This guideline is intended to establish the requirements for research and development of alternate theft

deterrent cable types below, which are not covered in the current national standards. All aluminium alloy

conductors without copper cladding will be considered for future inclusion. This specification is not

intended to be used for conductors intended for bare earthing applications on cable systems (refer to NRS

102 for earthing applications).
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Specific cable types covered in this specification include the following:

• Single core and multicore control cables with solid class 1 conductors of maximum size 4 mm2, compliant with 

either SANS 1507-2, 1507-3, SANS 1507-4 or SANS 1507-5, (conductors compliant with the requirements of this 

specification);

• Single core and multicore power cables with stranded class 2 circular conductors in sizes 2.5 mm2 to 240 mm2, 

compliant with either SANS 1507-2, SANS 1507-3, SANS 1507-4 or SANS 1507-5 (conductors compliant with the 

requirements of this specification);

• Multicore power cables with 2 or more stranded class 2 shaped conductors in sizes 16 mm2 to 240 mm2, 

compliant with either SANS 1507-3, SANS 1507-4 or SANS 1507-5 (conductors compliant with the requirements 

of this specification).

• Concentric service cables in accordance with SANS 1507-6 with span lengths;

• Flexible single-core class 5 cables in accordance with SANS 1507-3 or 1507-4 for minisub applications; and

• Aerial bundled conductors in accordance with SANS 1418.
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Copperlite™ CCAA applications:

• RF cable center conductor

• Telecom trunk & distribution cable

• Flexible cables; Booster & Jumper Cables

• Data Cables 

• Enameled Wire

• Power cable

• Building wire
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International CCAA Standards:

• IEC 61196-1: Coaxial Communication Cables

• IEC 60096: Radio Frequency Cables

• UL1581: Electrical Wires, Cables, and Flexible Cords

• UL 1569: Metal Clad Cables

• ASTM B-566: Copper Clad Aluminum Wire

• National Electric Code (USA): 0-2000 Volts power cable
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CCAA Metallurgical bond
STEM-HAADF-XEDS with drift correction
CCA Interdiffusion zone spans ~ 50 nm

Microstructure at the interface

Research in partnership with the University of Alabama 
Department of Metallurgical & Materials Engineering

Tuscaloosa, Alabama
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Copperlite™ brand, copper-clad aluminum alloy (CCAA):

• 10% and 15% Cu by volume:

• Respectively 63 and 67% IACS conductivity

• Respectively 28 and 37% Copper by weight

• Key performance factors:

• Lighter weight

• For the same weight, Copperlite™ yields 2.7 times the wire as copper

• Lighter wire yields more effective and energy-efficient products

• Uses the same insulation and jackets as copper

• Suitable for applications where flexibility and weight are the deciding factors
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Technical comparison Cu vs CCAA

MATERIAL DIAMETER AREA WEIGHT RESISTANCE
WEIGHT 

SAVINGS vs 
Copper

mm mm2 kg/km Ω/km %

Copper 1.129 1.00 8.94 17.149 0

10% CCA 1.428 1.60 5.31 17.149 40

Copper wire replacement with 10% CCA same Resistance requires:

✓ 60% higher cross-section

✓ 26% higher diameter

✓ 40% weight savings
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CCAA is an alternative to Copper and Aluminium conductors for use in LV and MV cables for anti-theft 

purposes.

The conductor eliminates the serious corrosion risk of pure Aluminium conductors

Scrap conductor material has little scrap value

Can be drawn to fine sizes

Can be used for small conductor sizes

CCAA conductor is not produced locally but drawing down and stranding will be done in South Africa like 

Copper and Aluminium
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Copper Clad Aluminum Alloy (CCAA)

2.5 mm2 x 27 and 15 core for traffic signal application

Reported cost to repair a vandalized traffic intersection > R100k 
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Copper Clad Aluminum Alloy (CCAA)

Traffic signal application in Johannesburg
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Copper Clad Aluminum Alloy (CCAA)

50 mm2 x 4 CCAA core for power distribution cable designs  

CCAA wire

CU wiresCCAA 
7 wire 
conductor
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Copper Clad Aluminum Alloy (CCAA)

50 mm2 CCAA x 4 core
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35mm2 Copper is ±140A
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CCA busbars can now replace Copper busbars in MV and LV applications:

• MV AIS switchgear

• LV side of MSS

• BMK

• MV outdoor CB (Dog boxes)

• LV Pillar boxes

• Earth bars

Produced in lengths up to 6m

Can be drilled, punched and bent

Busbar cross sectional sizes slightly larger than Copper busbars

(Skin effect with in conductors)

Can be tinned if required

No international standards exist yet. NRS standard may be required to ensure quality
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New Bimetallic Copper Clad technologies (CCA busbars)
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New Bimetallic Copper Clad technologies (CCA busbars)
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