Conductors: Copper and Aluminum

Understanding the two metals that keep the modern world energized

1. Introduction

Every electrical system—whether it s a smartphone charger or a 765 kV transmission
line—relies on conductors to carry current safely and efficiently. Copper (Cu) and
aluminum (Al) dominate that role. Each metal has distinct electrical, mechanical, and
economic traits that make 1t better suited to certain jobs. This article walks through the
essentials you should know before specifying, installing, or troubleshooting either one.
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2. Why Conductivity Matters

The primary job of a conductor 1s to let electrons flow with minimal opposition
(resistance). Lower resistance means:

o Lower energy loss (Iess heat)
o Higher ampacity for a given size
o Smaller voltage drop over distance

But conductivity isn” t the only factor. Strength, weight, corrosion behavior, cost, and
code requirements also tip the scales.
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Fig. 1: Comparison for identical cross section (Cu=100%)

3. Copper Conductors

3.1 Electrical Properties

e Resistivity: ~1.72 uQ-cm at 20 'C (100 % IACS* benchmark)
o Current capacity: Excellent ampacity per cross-sectional area
o Thermal performance: Stable under overload; high melting point (1085 °C)

*JACS = International Annealed Copper Standard
3.2 Mechanical & Chemical Traits

o Strength & Ductility: Can be drawn into fine strands without fatigue cracking

» Corrosion Resistance: Forms a thin, conductive oxide that actually protects the
metal

o Connections: Lugs and terminations are simple—no special compounds required

3.3 Economic & Sustainability Notes

o Higher raw-material price but excellent recyclability (= 35 % of global supply
comes from recycled Cu)

e Price volatility can affect project budgets, yet life-cycle cost often favorable due to
durability



3.4 Typical Applications

e Branch-circuit wiring, control cables, data/telecom, motors & transformers,

busbars, PCB traces, flexible cords

4. Aluminum Conductors

4.1 Electrical Properties

e Resistivity: ~2.82 uQ2-cm at 20 C (~61 % IACS)
To match the ampacity of a copper conductor, aluminum needs ~1.6 x larger
cross-section.

o Weight advantage: Only one-third the density of copper (2.70 g/lcm® vs 8.96 g/cm®)

4.2 Mechanical & Chemical Traits

o Strength: Lower tensile strength, but aluminum alloy (AA-8000 series) improves
creep and fatigue resistance



e Oxide Layer: Immediately forms Al=Os, an msulating skin—requires
oxide-penetrating compound and proper torque on lugs

o Thermal Expansion: ~30 % higher than copper; must be accommodated to avoid
loosened terminations

4.3 Economic & Sustainability Notes

e Roughly 60 - 70 % cheaper per kilogram than copper

o Smelting 18 energy-intensive, but weight savings in overhead lines lower
tower/mechanical costs

e Recyclable, with ~95 % energy savings vs. primary production

4.4 Typical Applications

e Overhead transmission & distribution (ACSR, AAC, AAAC)
e Service-entrance conductors, large feeders, MV/HV underground XLPE cables,
aluminum alloy building wire (AL-XHHW-2, SER cables)

5. Side-by-Side Snapshot

Aluminum
P te: C C
arameter opper (€)1 1350/A4-8000)
Resistivity @ 20 °C L.72uQcm 2.72-290uQcm

% IACS Conductivity 100 % 59 -63%



Aluminum

Parameter Copper (Cu) (AL 1350/AA-8000)
Density 8.96g/em®  2.70 g/cm’
Specific Strength (kN'm/kg)* ~19 ~36
Thermal Expansion 16.5 um/m °C 23.0 ym/m 'C
Cost/kg (5-yr avg)** ~US$8-10 ~US$2-3
Typical Conductor Size Ratio*** 1 1.26 - 1.64
*Strength-to-weight advantage explains
popularity in overhead spans
**Indicative spot prices; check current market
before bidding
*#*Cross-section needed for equal ampacity
under typical conditions
6. Choosing Between Copper & Aluminum
Decision Factor Copper Favors--+ Aluminum Favors:--
Space constraints Indoor panels, conduit Not 1deal unless upsized
runs
Weight limits Rarely critical Overhead & aerospace
Up-front budget Less cost-sensitive jobs Cost-driven large feeders

oo Approved Al-Cu dual-rated lugs,
Ease of termination  Standard lugs p_p , &
anti-oxidant

Vibration/tlexing Motor leads, robotics Use fine-strand Cu (Al more brittle)

Corrosive . . . ..
, Marine, chemical plants Needs jacket + anti-oxidant
environment

7. Codes, Standards & Compatibility

o NEC® (NFPA 70)—Articles 310 & 110.14 describe ampacity tables and Cu/Al
lug requirements
e ASTM B3, B8 —Copper wire & rope lay classifications



» ASTM B231/B232—Stranded hard-drawn and ACSR aluminum conductors

e UL Listing / CSA / CE—Look for dual-rated terminals (Cu/Al) with 90 'C or 105~
C ratings

o IEC 60228, 61089—Conductors of insulated cables; round wire concentric lay
stranded Al conductors

8. Trends & Innovations

1. Copper-Clad Aluminum (CCA): Thin Cu skin over Al core—Ilighter than solid
copper yet compatible with Cu lugs in low-current data cables.

2. High-Temperature Superconductors (HTS): Niche use in urban underground
feeders; Cu or Al still act as stabilizer layers.

3. Low-Carbon Aluminum Smelting: Inert-anode and hydro-powered plants targeting
near-zero COz emissions.

4. Price Hedging & Alloy Optimization: Utilities increasingly lock in multiyear Al
contracts; building-wire makers adopt AA-8176 to reduce cold creep.

9. Installation & Safety Pointers

o Terminations: Use correct torque and verified Cu/Al-rated lugs. Re-torque Al after
24 h to mitigate cold flow.

o Anti-Oxidant Compound: Mandatory on bare Al strands and lugs.

e Overheating Signs: Discoloration, insulation embrittlement, or odor. Address
immediately.

e Periodic Inspection: Aluminum feeders in legacy buildings (1960s-70s) should be
visually checked every 3 - 5 years.

e PPE & Lock-Out/Tag-Out: Applies equally to both metals—never work live unless
authorized and equipped.

10. Conclusion



Copper remains the conductor of choice when maximum conductivity, compact size, and
simple terminations matter. Aluminum wins on weight and cost, making 1t indispensable in
long-span transmission, large-ampacity feeders, and price-sensitive projects. Knowing
each metal’ s strengths, weaknesses, and code requirements is the key to specifying safe,
reliable, and economical electrical systems.

Need more detail on sizing calculations, lug selection, or life-cycle cost comparisons? Feel
free to ask!
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