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ARTICLE INFORMATION ABSTRACT

The increasing penetration of distributed generation (DG) and the need to
Received: 20 April 2026 acc?mrr?od'ate .Ioad growth have made load hosting capacity '(LHC) a I.<ey issge in
Revised: 2"¢ May 2026 radial distribution network planning; and feeder reconductoring remains a viable
Accepted: 8th May 2026 means of modifying network impedance and efficiency. However, the combined
influence of reconductoring and DG placement on LHC is not fully explored,
particularly under constraints such as voltage rise, reverse power flow, and thermal
limits. This study was conducted using the IEEE 33-bus radial feeder, where a 2.5
MW DG operating at unity power factor was sequentially placed across all eligible
buses under five distinct reconductoring instances. LHC was determined by

Keywords:
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DG placement incrementally increasing system load using quasi-static backward—forward sweep
Radial distribution networks power flow analysis until constraint are violated, Statistical validation using the
Impedance characteristics Kruskal-Wallis H test was used to assess the significance of the observed changes.

The results showed that LHC was governed by a nontrivial interaction between
conductor impedance and DG location. For instance, low, uniform impedance
profiles deferred upstream constraint violations by maximizing LHC (up to 8.65
MW) when the DG was placed at the terminal bus. Further, high trunk impedance
reduced LHC and shifted optimal DG placement toward intermediate or near-
source buses to prevent voltage dip in weaker branches. Additionally, when
strategically installed feeder-wide, highly resistive conductors with improved X/R
ratios partially restored terminal DG placement optimality with moderate LHC.
The statistical results (H = 73.03, p = 5.20 x [0 ™°) confirmed that these
variations are significant and nonrandom, highlighting the importance of
coordinated co-optimization of reconductoring and DG placement for maximizing
LHC and enabling proactive feeder planning.

© 2026 Faculty of Engineering, University of Maiduguri, Nigeria. All rights reserved.

1.0 Introduction

The concept of hosting capacity (HC) was necessitated by the need to quantify how a distribution system
reacts to additional connections without a breach on the operational standards. The general definition of HC
is "the ability for the network to accommodate a specific or combined installed capacity of one or multiple
DER technology considering technical, operational, economical, physical, regulatory, equitable and dynamic
considerations on a specific circuit without negatively affecting reliability or requiring infrastructure upgrades.”
(Hashmi, 2025). This definition, while originally DG-tailored, has since extended naturally to load hosting; that
is, the maximum load the network can accommodate under any DG penetration level, existing or projected.
In other words, one of the most important, yet underexplored, planning metrics is not simply how much DG
a network can accommodate, but rather how much additional load the network can serve—a concept
increasingly defined as load hosting capacity (LHC).
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LHC is usually considered under the voltage, thermal, and protection constraints that are active in a network
already penetrated by DG. Reconductoring (replacing existing conductors with higher-ampacity equivalents)
and optimal DG placement are some of the technical interventions that modify these constraints, and
therefore affect the LHC (Qamar et al, 2023; Adegoke, 2024).

Modern distribution systems do face challenges in hosting increasing loads of unprecedented types; while
simultaneously coping with the penetration of huge volumes of renewable energy sources (Cavus, 2025). This
has heightened the focus on distribution network capacity optimization strategies that can cost-effectively
enhance load hosting capacity with minimal reactionary infrastructure replacement.

In long redial rural networks, voltage level constraint is the major concern, while in urban regions, it becomes
the ampacity constraint of equipment due to large loads. This spatial dependency of LHC has made it necessary
for it to be evaluated bus-by-bus rather than on a network-wide scale (Fatima et al, 2024). Ironically, the same
DG that strains the system at high generation levels also relieves it at lower levels, creating a non-linear
relationship between DG penetration and LHC. Diverse factors affect the LHC such as the resilience of the
network to power fluctuations, load type, number of phases, network topology, and constraints as defined in
the decision-making framework (Dong et al, 2025).

A radial system has one simultaneous path of power delivery to the load. This topology while simple and cost-
effective to set up and operate, hinders the network's capacity to redistribute load, and is the main reason
that end-of-feeder voltage drops and conductor thermal limits define the LHC ceiling (Lotfi et al, 2024).

The primary mechanism by which DG boosts LHC is via current reduction in upstream feeder segments. The
energy supplied by the DG is directly utilized by the loads connected to them, so that the flow of power from
the main grid to the load is reduced, and power losses as well as the risk of grid overloading is minimized.
This upstream relief directly creates thermal headroom for new load connections at downstream or lateral
buses (Rudresha et al, 2020; Pan et al, 2023). Voltage support is complementary to this i.e.; there will be no
violation of voltage constraints if the DG is located close to the loads in a distribution feeder and the DG's
power factor is in sync with that of the load. The main grid then supplies less power with reduced feeder
current and the voltage dip is reduced. This relief in voltage drop along the feeder tends to accommodate
additional loads at buses that previously had insufficient voltage margin (Owosuhi, et al, 2024).

The study by Okafor et al, (2025) on the hosting capacity of distributed energy resources (DERs) and additional
loads that can be connected without the breach of operational limits or without the need for network
upgrades; found out that when battery energy storage delivers active power, the additional load capacity
increases markedly, with more than 50% extra room at the majority of buses. Other studies also reveal that
poor siting of DG does not only fail to improve LHC but may actively reduce it by increasing reverse-power-
flow currents or creating localized voltage violations (Jain & Gupta, 2024; Saxena et al, 2024).

In a recent study, the optimal siting of different types of DG units were used to handle annual growth in system
load while satisfying system operational limits; and results using the standard IEEE 33-bus system revealed
enhancement in voltage profile, significant reduction in real and reactive power losses, and improvement in
load-carrying capacity of distribution feeder sections (Tuka & Ali, 2026). Another study applying genetic
algorithms to the |IEEE 33-bus network and a real |1 kV feeder, demonstrated that strategic placement of
capacitors and solar PV DG along the distribution feeder achieved significant power loss saving with marginal
improvement in voltage profiles, thus creating additional capacity for further load connection (Sharma et al,
2026). Other studies involving renewable DGs with load variability further show that by modelling DG output
stochastically, using Weibull and Beta distributions for solar irradiance and wind speed; the load hosting
improvement becomes sensitive to the mismatch between generation and demand, thus, complicating the
conventional deterministic assessment (Elseify et al., 2024).

The simultaneous application of network reconductoring and DG placement stands as one of the most
effective strategies for maximizing LHC in modern distribution networks (Gallego Pareja et al., 2023). In several
countries, utilities have already adopted reconductoring as a planning tool. Reconductoring projects typically
cost less than 50% of the price of new line installations. The economic benefit for reconductoring as a means
of increasing LHC therefore parallels that for DG integration, as both objectives allow for increased thermal
headroom and improved voltage regulation (Chojkiewicz et al, 2024). Further research by Gallego Pareja et
al., (2023) emphasizes that approaching reconductoring and DG placement as a joint optimization problem
yields superior results compared to a sequential approach. Also, the replacing of undersized conductors that
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have become laden with reverse power currents from solar PV ensured that the network can make room for
both the existing DG and additional load without violating thermal constraints (Zenhom et al, 2024).

So far, some areas of research interest do exist. First, the bulk of reviewed studies assess DG hosting rather
than LHC specifically. Second, the synergistic effect of reconductoring decisions together with DG placement
for the specific objective of maximizing LHC in a radial distribution topology has not been frontally addressed.
Therefore, considerable knowledge gaps still do exist regarding their combined influence, as their interactive
impacts on network impedance, power flow patterns, and constraint violations remain insufficiently studied.
The state-of-the-art in distribution network optimization advocates that effective planning requires a holistic
approach that synergistically considers multiple enhancement strategies (Masic et al, 2025).

This study therefore investigated the synergistic influence of feeder reconductoring and DG placement, on
radial distribution network Load Hosting Capacity (LHC). The thrust was to identify the resulting interaction-
driven capacity gains, highlight the necessity of co-optimization in decision-making processes as well as enable
accurate evaluation and justification of coordinated planning strategies to boost LHC. Network planners could
by the results of this research become better informed about these significant influencers of the distribution
system dynamics; for an integrated capacity enhancement decision-making.

2. Materials and Method

This study employed a simulation-based framework to study the impact of reconductoring on the Load Hosting
Capacity (LHC) of a radial distribution network in the presence of a single 2.5 MW DG unit proactively
installed ab initio to accommodate anticipated load growth. On the IEEE 33-bus radial test system (12.66 kV),
deterministic, quasi-static power flow analyses were conducted using the backward-forward sweep algorithm
deployed in Python. The DG unit was modeled as a PQ bus operating at unity power factor, and was
systematically swept through all eligible 32 feeder buses. For each DG location, the load was incrementally
distributed in a substation-and-DG-aware manner, until predefined technical constraints were violated. With
this iterative procedure conducted on both a premium feeder and various strategically degraded
reconductoring cases, with no voltage regulation devices, the study is able to isolate and relatively quantify the
violation patterns, capacity enhancements, voltage profile improvements, and line loading variations across all
reconductoring cases; relative to DG location. The study however focused on voltage and thermal constraints
as they are widely accepted as the predominant operational limits in LHC studies of radial distribution systems
with DG (Ismael et al, 2019 & Masic et al, 2025). The details are in the following sections and Figure |
summarizes the methods employed in the study.

2.1 Reconductoring Scenarios

Each reconductoring case employs three conductor types as in Table | and was modeled by sequentially
substituting existing line conductors to modify the branch resistance (R), reactance (X), and ampacity, while
preserving the original network topology and the transition locations for the conductor types. The specific
conductor impedance parameters for the evaluated reconductoring cases (A through E), are summarized in
Table I. Figure 2 (Baran & Wu, 2002) illustrates the feeder topology and bus indexing used.

Table I: Impedance of the line types for the reconductoring cases (A - E)

_'I'_';‘:e Line IDs Ra, Xa (Q) Rs, Xs (Q) Re, Xc (Q) Ro, Xo (Q) Re, Xz (Q)
1217, 2021,

! Yaan 29gs " 0888,0486 1036074 1.184,0846 1332, 0.952 1.48, 0635

2 081 07040478 08210728 0938,0832 1055 0.936 1173, 0.624

3 | -5 0558,047  0.651,0716 0.744,0818  0837,0.92 0.93, 0614

2.2 Problem Formulation

The problem was formulated as a constrained multi-objective optimization problem that maximizes load
growth within acceptable voltage and thermal limits.
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Figure 2: The IEEE 33-bus test feeder with 0 — 32 bus indexing (Baran & Wu, 2002)

2.2.1 Load hosting strategy

The strategy uses an aggressive approach that allocates new loads to select buses, by prioritizing closeness to
voltage support (substation and DG). A robust iterative normalization process was employed to guarantee
precise load allocation that fulfills the following: sums up to the target increment, enforces an upper limit per-
bus to prevent unrealistic concentration, and applies a minimum threshold to forestall negligible allocations.
Four competing objectives were being optimized i.e., voltage margin, thermal loading, weighted electrical
distance, and bus utilization; using the Non-dominated Sorting Genetic Algorithm Il (NSGA-II) to prioritize
the identification of technical limits for determining the maximum additional load that the feeder can host
prior to voltage or thermal constraint violations.
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2.2.2 Decision variables

Each load increment was distributed across n candidate buses using weighting vectors w;; such that the weights
satisfy Equations (1) — (3):

Yriwi=1 0<w; <06 I
w; = [wq, Wy, ..., Wy ] 2
So that the actual incremental load at bus j, i.e., AP; = w;. Py 3
where w; is the fraction of total additional load allocated to bus I, P;;. is the total system load increment
(kW). The w; upper bound of 0.6 arose from a preliminary sensitivity analysis; and serves to preclude excessive
load being concentrated unrealistically at any given bus, which could otherwise overburden the critical local
equipment.

2.2.3 Objective functions

Multi-objective hosting capacity formulations as outlined hereafter are well-established in the literature (Al-
Majali & Zobaa, 2025; Almutairi et al, 2024; Owosuhi et al, 2024).

(a) Voltage Regulation

Equation (4) enforces the non-violation of the specified voltage limits, while Equations (5) — (6) penalizes all
unacceptable voltage deviations.

min f;(W) = —Viargin + 030V + 0.2AV + Py + Pyy 4
where, Vi orgin = ming(V; — Vipin) is the safety margin for voltage dip; which is meant to stay non-negative.
Vi, Vinin = per unit voltage magnitude at bus i and the worse-case minimum voltage (0.9 pu) respectively.

oV = standard deviation of bus voltages accounting for minimal spatial variation of the system voltage profile.
This term is weighted below the Vy,,4,4in to give more emphasis to the latter.

AV = voltage range to limit localized constraint violations
Penalty terms for undervoltage, P, =20.max (0, 0.92 - V,;,;») 5
Penalty terms for overvoltage, Py, = 10.max (0, V4, — 1.03) 6
A more weighted Py, is intended for its greater operational significance in load growth scenarios.

(b) Thermal Loading Regulation

To ensure ample thermal headroom for load fluctuation, uncertainty and contingency operation, a target soft
limit of 70% loading (preserving optimization flexibility) was selected and appropriately penalized using
Equations (7) and (8) respectively i.e.,

min f,(W) = |Lypax — 70%| + P, 7
Soft penalty term: P, = 0.5.max (0, Ly,q, — 85%) 8

where, Ly, = max; (Lj); maximum line loading, L; = the percentage loading of line j

With 0.5 (0.3 - 0.7 actually produced comparable results) as the penalty scaling factor, thermal constraints are
prevented from dominating over voltage-related objectives, thereby guiding the solution search.
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(c) Proximity to Substation or DG

In line with Equation (9), the strategy for the distribution of additional loads considers proximity to the sources
of voltage support i.e,,

; Lis, wiPid;
fow) =Bt
where, P; = the base active load at bus I, d; = the electrical distance (line impedance magnitudes) between bus
i and the closest voltage support node (substation or DG).

(d) Load Spatial Spread by Constrained Normalization

After normalizing the decision variables, an iterative constraint-enforcement and load redistribution was
performed over |0 cycles., with a final renormalization step to ensure that the allocation weights add up to
unity under a 107 tolerance. A minimum threshold of 1 kW ensured that only realistic load connections
were considered as enforced by Equations (10) and (I1) i.e,

. Set of Insignificant Buses it w; < A
min f4(W) = f gnif : = I{ i min} 10
Total number of candidate bus n
where, the minimum significant allocation ratio a,,;, = Pmm Il
inc

Ppin = realistic minimum load magnitude (kWV)
2.2.4 Constraints

Equations (12) and (I3) represents the necessary constraints for the determination of the load hosting limits
under the various scenarios.

Voltage constraints: 0.9< V; < 1.05 pu v; €{0,..,32} 12

Thermal constraints: L; < 100%, Vi€ {1,..,32} 13

The lower voltage limit typically captures worst-case conditions during load growth; whereas the upper bound
mainly constrains DG-induced voltage rise. Emergency loading scenarios (typically 120 - 130%) were omitted,
since steady state planning conditions are assumed rather than short-term contingency.

2.2.5 Incremental loading strategy

For the purpose of this study, the load hosting capacity (LHC) is defined as the total kW of load the feeder
can accommodate before the violation of voltage or thermal constraint. To select the next increment size, a
weighted combination ¢ of voltage and line loading margins was dynamically computed, as in Equation (14), to
track the point at which the iterative load increase first violates the constraints. Assuming voltage margin as
the more dominant limiting factor, then:

b = 0.65 " min . g 35 mer ) 14

1.0 mn Lmax

A linear combination arose from the observed poor correlation between voltage and thermal margins during
preliminary tests. For fewer iterations of load increment with precision, the process begins with an increment
of 500 kW. At ¢ > 30%, the strategy expands to 1000 kW increments, then it refines the search with 500
kW increments again at 15 < ¢ < 30%. At the precision phase (¢ < 15%), 250 kW or less then becomes
the load increments, until the process finally terminates at the first violation of voltage or thermal constraints.

2.3 Solution Algorithm

The NSGA-II was selected for its well-known robustness in handling nonlinear, multi-objective power system
problems. With a flat-start method of initialization, key parameters include; population size (80), maximum
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generations (120), convergence tolerance (10™*%), simulated binary crossover probability (0.95), distribution
index (10), polynomial mutation distribution index (15), and BFS mismatch tolerance (10~> MVA).

3. Results and Discussion

3.1 Preliminary Statistical Significance Test

Given the non-Gaussian distribution and unequal variance of the obtained LHC values, a distribution-free
hypothesis test i.e., the Kruskal-Wallis H test, was selected as an appropriate nonparametric method for the
comparison of the five sets of the LHC results. The test yielded a large test statistic (H = 73.03) with a
corresponding p-value of 5.20 x [07'°. This result confirmed that the observed LHC differences among
reconductoring cases were statistically significant, systematic and not a spurious outcome of random variability.

3.2 Load Hosting Capacity Under a Feeder-Wide Single-DG Sweep

Figure 3 shows the LHC obtained from a feeder-wide sweep of a single 2500 kW DG across the IEEE-33 bus
system under five reconductoring scenarios (Cases A - E).

9000
— 8000
=
=
2 7000
& caseA
=
© 6000 - = = caseB
&
= = e caseC
S 5000
o
== g v ~“V¥pV- 0 e=——- caseD
©
S 4000 caseE
3000
0 5 10 15 20 25 30 35

Bus number of DG location

Figure 3: LHC for different DG placements under different reconductoring cases

The reconductoring scenarios introduced a progressive change in branch impedance in the following order:
Ry < Rg < Rc < Rp < Rgand X4 < X < X < Xp. However, Case E exhibited a reduced reactance relative
to Case D despite a higher resistance, resulting in an elevated R/X ratio. Figure 3 showed distinct spatial
regimes along the feeder. For DG placements close to the substation (Buses |- 5), higher impedance cases
exhibited suppressed LHC near the source with rapid recovery by Bus 6, since the DG location offered limited
downstream voltage support while driving elevated currents through lengthy and high-impedance paths. For
DG located at the mid-feeder region (Buses 6 - 17), all scenarios converged to a narrow LHC band of
approximately 8 MWV, indicating effective feeder partitioning by the DG and reduced cumulative voltage drops
on both partitions, which appeared to almost cancel out the influence of reconductoring.

A significant lateral branching emerged for Buses |18 - 24, where LHC began to diverge across cases. DG
placement at these buses increasingly interacted with asymmetric downstream impedances, rendering Cases
B - E sensitive to both the R/X ratio and the branching topology, while Case A remained virtually constant
owing to its higher electrical stiffness. For DG at deep-feeder region (Buses 25-32), pronounced oscillatory
LHC behavior dominated, particularly for Cases B — E; peaking at branching nodes that supply multiple
downstream paths and dipping at series buses where upstream impedance aggregated without parallel relief.

In sum, Case A yielded a spatially uniform LHC profile owing to low impedance and minimal voltage deviation.
Cases B and C introduced moderate spatial variability with constraint violation that occurred relatively early
for DG at remote buses, while Case D defined the performance floor, where elevated R and X brought about

Corresponding author’s email address: omogbaino@abuad.edu.ng 486



http://www.azojete.com.ng/
mailto:omogbaino@abuad.edu.ng

Arid Zone Journal of Engineering, Technology and Environment, June 2026; Vol. 22(2): 480-491. ISSN 1596-2490; e-ISSN2545-5818; www.azojete.com.ng

premature violations. In contrast, Case E illustrated that reduced X tended to check reactive-power-driven
voltage dip, bringing about superior LHC performance relative to Case D despite its higher R.

3.3 Strategic Migration of Optimal DG Placement

From Table 2, it can be observed that the migration of optimal (maximum LHC) DG location upstream was
primarily as a result of impedance stress caused by reconductoring, and it was context-dependent i.e., it was
generally upstream bound under high X and R, and downstream-bound in R dominant feeders; so as to leverage

voltage support and maximize hosting capacity.

Table 2: Optimal DG buses with the corresponding LHC

Case Conductor Impedance Optimal DG Bus LHC (kW)
A&B Low, Uniform 32 (Terminal) 8646 & 8400
C Moderately High 25 (Intermediate Lateral) 8158
D Highest, non-uniform 7 (Near Source) 8087
E High R, Lower X 32 (Terminal) 8178

Therefore, reconductoring was observed to influence a systematic migration in optimal DG placement,
governed by electrical distance and the resulting feeder bottlenecks. However, beyond a 40 - 50% increase in
resistance (e.g., Case C), the effectiveness of distal DG placement began to wane; highlighting the importance
of targeted conductor upgrades along the main feeder trunk (Buses 0 - 5) to preserve optimal distal DG
placement and relieve upstream bottlenecks.

3.4 Feeder-Wide Line Loading and Voltage Profile at Maximum Load Hosting
For the purpose of analysis, feeder-wide voltage and line loading profiles corresponding to the optimal

scenarios (DG placement that maximizes load hosting capacity) were considered. The analyses in this section
are all with reference to Table 2 and Figures 4 and 5.

120 caseA
100 — . = caseB
caseC
&\C” g€ (&4 caseD
&
= caseE
B 60
o
e
= 40 \
20 -
0 =
0 5 10 15 20 25 30 35
Line ID

Figure 4: Line loading profile comparison at maximum load hosting.

In Case A, the low impedance network backbone was observed to favor the optimal DG placement at Bus 32,
and this facilitated efficient reverse power flow and a clear end fed voltage support. In agreement with the line
loading, the voltage dipped steadily from the substation (Bus 0) to about 0.908 pu near Bus |7, consistent with
normal forward supply, then recovered along the laterals. Branch |(Lines 18 - 21) remained close to nominal
voltage with the minimum line loading, indicating minimal reverse flow. Branch 2 (Lines 22 - 24) showed
moderate and largely stable voltages that suggested steady loading. A monotonic voltage rise toward Bus 32
is observed in Branch 3 (Lines 25 - 32), confirming strong distal DG injection that makes up for downstream
drops and exported excess power upstream. This reverse flow through a low-impedance path, strongly drove
the feeder head close to its thermal limit but largely spared the laterals. Constraints were therefore shifted
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upstream. Consequently, efficient bidirectional power flow that minimizes reverse power losses became the
case. These ultimately culminated in the highest load hosting capacity of 8,646 kW among all cases under
study.

In Case B, the higher network backbone impedance was observed to favor the optimal DG placement still at
Bus 32 stifles upstream reverse power flow, thereby unloading the feeder head and rerouting stress toward
proximal laterals. Voltage tended to drop more steeply close to the substation but reached a similar minimum
around Bus 17, indicating reduced through currents. Compared to case A, Branch | now showed significant
voltage dip due to strong local reverse flow (sharp spike in line loading as seen in Figure 4) against higher
impedance, whereas the short and peripheral Branch 2 (low local current swings relative to its impedance)
remain largely the same. Branch 3 maintained a considerable end fed voltage rise, with a higher terminal voltage
than in Case A as impeded upstream export encourages greater local buildup of reverse power. Overall, the
backbone impedance acted as a flow valve that transferred thermal and voltage stress from the feeder head
to adjacent laterals; slightly decreasing the bidirectional power flow efficiency and consequently reducing the
load hosting capacity to about 8,400 kWV.

1.02 caseA
1 caseB
— e caseC
0.98
= = . = caseD
£ 0.96
P caseE
&
= 0.94
o
=
0.92
0.9
0.88

0] 5 10 15 20 25 30 35

Bus number

Figure 5: Voltage profile comparison at maximum load hosting.

In Case C, the even higher network backbone impedance was observed to favor the optimal DG relocation
to Bus 25, and this decoupled upstream and downstream dynamics; fundamentally rerouting power flow.
Voltage dipped more steeply along the main feeder, reaching the lowest minimum near Bus 17, indicating
increased joule losses despite the slight drop in reverse currents. Branch | still experienced voltage depression
(similar to case B) from upstream-bound flow, but its magnitude has dropped because the DG was no longer
distal and the export path is now shorter. Branch 2 remained largely unchanged. Branch 3 now drastically
shifted to a steady voltage decline toward the terminus, indicating that the mid-feeder DG took care of local
demand and collapsed through-current beyond Bus 25. This localization of supply tended to relieve upstream
thermal stress but shrank the downstream voltage margins, thereby reducing overall utilization and reducing
the load hosting capacity to 8,158 kW.

In Case D, the even much higher network impedance backbone was observed to favor a deeper optimal
relocation of the DG upstream to Bus 7, and this strongly limited long-distance bidirectional flow and confined
the power effects around the injection point. Voltages clearly spiked near the DG but dropped sharply
downstream, with Branch | experiencing the lowest voltage sag and heavy proximal loading due to intense
reverse flow. Branch 2 remained stable. Branch 3 showed a drastic downstream unloading and the lowest
terminal voltages, indicating near-collapse of through-current beyond the mid-feeder. Impedance transitions
near the DG created the observed localized current loops/spikes, thereby crowding the thermal stress around
the mid-feeder. These increased losses, voltage gradients, and distal undervoltage all limited overall utilization,
resulting in the lowest load hosting capacity of 8,087 kW.

In Case E, under high-impedance and reduced X/R ratio, the network appeared to re-find optimal placement
of the DG distally at Bus 32. The backbone experienced a steep voltage profile that dipped to around 0.905
pu, while Branch | experienced severe upstream reverse-flow loading similar to Case D; thereby driving high
proximal currents and joule losses. Branch 2 remained largely unchanged, and Branch 3 exhibited the sharpest
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monotonic voltage rise toward Bus 32, peaking at 0.985 pu; indicating strong end-fed DG support and the
buildup of reverse currents. The lower X/R ratio amplified the impact of active-power injection, thus, boosting
distal voltage without considerable mid-feeder spikes. Overall, thermal constraints stayed concentrated at the
feeder head, and the LHC recovers modestly to 8,178 kW.

Overall, DG location governed the branch loading patterns, while impedance and the X/R ratio primarily
modulated the voltage profiles as well as the routing of power flow - highlighting the need for strategic co-
optimization of DG siting and feeder impedance to maximize the LHC. The findings are strongly supported in
closely related studies (Alyu et al, 2023; Barker & De Mello, 2000; Takele, 2022)

3.5 Constraint Violation Analysis

Table 3: Network constraint violation pattern (T = Thermal and V = Voltage)
DG Bus

Violation Pattern (Case A-B-C-D-E) Count DG Bus Location

T-V-V-V-V 13 1,2,3,5,18, 19,20, 21, 22, 23, 24, 28, 31
T-T-T-V-T 10 13, 15, 16, 17, 25, 26, 27, 29, 30, 32
T-T-T-T-T 8 6,7,89,10, 11,12, 14
V-V-V-V-V [ 4

From Table 3, it was observed that for the feeder topology under study, the thermal-voltage constraints
transition is a function of both line impedance and the location of the DG/substation. Increasing total
impedance via reconductoring generally heightens voltage-rise sensitivity, causing a systemic shift where
voltage limits bind more stringently and before thermal limits. At remote and lateral buses, low-impedance
scenarios (A—C) tended to be constrained by thermal overloads, whereas higher impedance as in Case D
shifted the bottleneck to voltage. However, elevated R/X ratio as in Case E, intensified resistive voltage rise,
which can alter the system's sensitivity profile and return the prevailing constraint at certain buses to thermal.

In contrast, DG placement on the electrically strong main feeder, specifically buses 6 - 12 and 14, results in
thermal limits becoming the overriding constraint across all cases. Their proximity to the substation keeps
sensitivity to voltage-rise low enough that ampacity limits were reached before voltage thresholds were
breached, even with higher R/X ratios as in Case E.

Unlike adjacent buses (thermal-limited) or more distant ones (weaker voltage effect, Bus 4 represents a unique
intermediate bottleneck, as injected power here, triggered a sharp spike in upstream voltage without heavily
loading downstream lines; regardless of reconductoring. So, the feeder with DG at Bus 4 remained invariably
voltage binding. Ultimately, while reconductoring at strong locations majorly influences thermal hosting
capacity, DG placement at sensitive or proximal locations ensured that voltage remained the binding
constraint. Overall, effective feeder planning to defer voltage violations and unlock usable DG or load capacity
requires a comprehensive spatial analysis of hosting capacity, strategic voltage control as well as targeted
reconductoring of electrically weak sections.

4. Conclusion

This study focused on the impact of reconductoring and distributed generation (DG) placement on the load
hosting capacity (LHC) of a radial distribution system typified by the IEEE 33-bus system with a 2.5 MW unity
power factor DG. From the obtained results, the sequential DG placement under different reconductoring
cases revealed that low and uniformly distributed impedance profiles can enhance LHC up to a margin of
about 10% (for reconductoring only) and at least 60 % (for DG + reconductoring); achieved when DG is
installed at terminal buses. Conversely, high trunk impedance reduced LHC and shifted optimal DG placement
toward intermediate or upstream buses due to the violation of voltage limits in weaker branches. It was also
observed that when strategically placed feeder-wide, conductors with improved X/R ratios partially
reestablished an optimal terminal DG placement, yielding moderate improvements in LHC.

Statistical analysis using the Kruskal-Wallis H test confirmed that the observed variations in LHC are significant
and non-random (H = 73.03, p = 5.20 x 107'®), underscoring the strong dependency of network performance
on coordinated design decisions. Overall, the results from the study contributed by highlighting that optimal
enhancement of load hosting capacity requires a joint consideration of reconductoring strategy and DG siting,
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rather than treating them as isolated planning variables, thereby supporting more proactive and integrated
distribution feeder planning.

Future work should extend the analysis to varying types/number of DG units with coordinated placement and
sizing for better practical relevance. Time-series and probabilistic modeling will further capture renewable
intermittency, load variability, and forecast uncertainty in LHC estimation. Also, hybrid metaheuristics or Al-
based methods, can be developed for simultaneous reconductoring and DG allocation, under multi-objective
criteria. Further investigation is needed to investigate the effect of increased DG penetration and
reconductoring on fault levels and relay performance. Real distribution network data with energy storage
systems and regulatory constraints, particularly in emerging grid environments will further improve the
practical relevance and applicability of the findings.
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