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Abstract

This research presents a practical approach to energy conservation in electrical systems
through optimal conductor sizing in sub-circuit design. The study systematically evaluates the
influence of conductor cross-sectional area (CNA) on power losses, thermal performance, and
lifecycle economic feasibility. Experimental case studies were conducted using [ECO1 (THW)
copper conductors under two load conditions: Case 1 (22.4 A) and Case 2 (29.6 A), with an
installation length of 20 m (40 m round-trip conductor length). The results demonstrate that
selecting a conductor size one level higher than the minimum requirement specified by
electrical standards significantly reduces resistive power losses in branch circuits. Power loss
reductions of 38.94% and 39.58% were achieved in Case 1 and Case 2, respectively. In addition
to mitigating electrical losses, the average surface temperature of the cable sheath decreased
by approximately 9.1-9.8 °C, thereby reducing thermal stress on the insulation, lowering
degradation rates, and enhancing operational safety. From an economic perspective, lifecycle
cost analysis confirms the financial viability of the proposed Energy Efficient Sizing approach.
Case 2 exhibited a maximum Net Present Value (NPV) of 7,546.91 THB and an Internal Rate of
Return (IRR) of 193.80%. Both case studies demonstrated short payback periods ranging from
5.4 to 6.2 months, indicating strong investment attractiveness. In conclusion, the findings
validate that optimized conductor sizing for branch circuits, based on the Energy Efficient Sizing
principle, represents a technically simple yet highly effective energy conservation strategy.
The approach offers measurable reductions in energy loss, improved thermal reliability, and
favorable economic returns, making it suitable for integration into building electrical system

design to achieve sustainable long-term operational cost reduction.

Keywords: Sub-circuit, wire sizing, energy conservation, net present value (NPV), internal rate

of return (IRR)
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