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Abstract:

Distributed generation (DG) placement in distribution networks is commonly formulated as a mixed-
integer nonlinear programming (MINLP) problem, whose direct solution is computationally
burdensome. This paper presents an alternating-current optimal power flow (AC OPF)-based
framework for the direct ranking of candidate buses, such that the suitability of each bus is evaluated
using techno-economic indicators, thereby reducing the need to solve the placement model directly.
Within this framework, three indicators, namely the loss sensitivity factor (LSF), voltage deviation
index (VDI), and locational marginal price (LMP), are derived from three AC OPF formulations with
an identical network model and operating constraints but different objective functions. These
indicators are then normalized using min—max normalization and integrated into a unified composite
index (CI) through the inverse accumulated weighting (IAW) method. The resulting Cl enables the
direct ranking of buses and goes beyond serving merely as a preliminary screening tool. The proposed
framework is evaluated on the IEEE 69-bus test system and benchmarked against a reference MINLP
model. The results show that the top 14 buses identified by the CI, corresponding to the top 20% of
candidate buses, include all 10 buses selected by the reference model, yielding a 100% overlap rate. In
addition, a sensitivity analysis of weight confirms the stability of the proposed ranking under
reasonable variations in the indicator weights. Therefore, the proposed framework can serve as an
effective decision-support tool for the direct ranking of candidate buses in DG placement studies.
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Figure (2): Single-line diagram of the IEEE 69-bus radial distribution network used in the numerical studies
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Table (1): Normalized indicator values and composite index for the top 20% ranked buses
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Table (2): Stability assessment of the ranking of the top 14 buses under a 20% variation in indicator weights
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Table (A-1): Final indicator weights under the sensitivity analysis scenarios
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