
Journal of Multidisciplinary Engineering Science and Technology (JMEST) 
ISSN: 2458-9403 

Vol. 12 Issue 1, January - 2025 

www.jmest.org 
JMESTN42354595 17850 

Newton Raphson Load Flow Analysis For  
IEEE-14 Bus Power Transmission Network  

 
Victor Etop Sunday1 

Department of Electrical/Electronic Engineering,  
University of Uyo, Akwa Ibom, Nigeria 

 
Nseobong Okpura 2  

Department of Electrical/Electronic Engineering,  
University of Uyo, Akwa Ibom, Nigeria 

 
  Kufre Michael Udofia3  

Department of Electrical /Electronic Engineering, 
University of Uyo, Akwa Ibom State, Nigeria 

 

Abstract— In this work, Newton Raphson load 
flow analysis for IEEE-14 bus power transmission 
network is presented. The core objective of the 
load flow analysis was to validate system 
performance across six principal electrical 
dimensions: per-bus voltage profile, real and 
reactive power mismatch, transmission line power 
flow and associated losses, slack bus 
performance over time, voltage stability margins, 
and temporal variations of network behavior. The 
results show that the highest active power 
transfer is observed along the line 1–5 (229.10 
MW), which corresponds to one of the key 
transmission corridors linking the main 
generation centers with significant load areas. 
Similarly, the line 2–4 carries a substantial active 
load of 140.42 MW, indicating its strategic role in 
supporting the power transfer towards 
downstream buses. Also, the active power 
injection by the slack bus fluctuates significantly 
across the simulation horizon, with observed 
values ranging from approximately 15.59 MW at 
the lower end (e.g., 19:00 hours on December 
31st) to peaks exceeding 85 MW (e.g., 01:00 hours 
on January 1st). This variation reflects the diurnal 
and seasonal changes in load demand patterns, 
as well as the contribution of other generation 
units within the system. Similarly, reactive power 
injection exhibits substantial variability, with 
values ranging from about 6.48 MVAR to nearly 
71.55 MVAR over the year. Furthermore, the 
results reveals that the voltage magnitudes 
remained within the acceptable regulatory bounds 
of 0.94 to 1.06 per unit. This compliance across all 
14 buses is a critical indicator of proper reactive 

power balance, controlled network loading, and 
sufficient voltage support mechanisms within the 
modeled network. 
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1. Introduction 

The IEEE 14-Bus transmission network is a 
widely recognized benchmark for power system analysis 
and optimization studies [1,2,3]. Generally, to establish a 
robust and accurate reference point for assessing the 
performance of power transmission network optimization 
models, load flow analysis need to be conducted [4,5]. 
Equally, load flow analysis is required after the power 
network optimization models are implemented [6,7,8]. The 
results of the load flow analysis before and after the power 
network optimization models are implement are used to 
assess the effectiveness of the optimization models in 
stabilizing the power network voltage profile and in 
minimizing the active and reactive power losses [9,10,11].  

In practices, there are several methods of 
conducting load flow analysis [12,13,14]. In this work, the 
load flow analysis is conducted using the Newton-Raphson 
(NR) method [15,16,17]. The NR method, widely 
acknowledged for its rapid convergence and numerical 
stability, was selected due to its superior capability in 
handling large, sparse, and nonlinear algebraic equations 
typically encountered in power systems analysis. The 
Newton-Raphson method operates by iteratively solving the 
nonlinear power flow equations that relate bus voltages, 
power injections, and network admittance [25]. Notably, 
the core objective of the load flow analysis in this work is 
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to validate system performance across six principal 
electrical dimensions: per-bus voltage profile, real and 
reactive power mismatch, transmission line power flow and 
associated losses, slack bus performance over time, voltage 
stability margins, and temporal variations of network 
behavior.  

 
2. Methodology 

 
2.1 The IEEE-14 bus power transmission network 

model and parameters used for the analysis 
This study seeks to conduct load flow analysis on 

the IEEE 14-Bus transmission network. The IEEE 14-bus 

power transmission network model is presented in Figure 1. 
The transmission line parameters and transformer settings 
for IEEE 14-bus transmission network are presented in 
Table 1. The IEEE 14-bus transmission network modeling 
process, executed within MATLAB Simulink (R2023a), 
involved detailed parameterization of the electrical 
infrastructure, encompassing generator units, transmission 
line impedances, transformer tap settings, reactive power 
compensators, and static and dynamic load profiles, 
reflecting the physical and operational realities of a mid-
scale electric grid. 

 

  
Figure 1 The IEEE 14-bus power transmission network single-line topology model  [19] 
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Table 1: Transmission Line Parameters and Transformer Settings for IEEE 14-Bus power transmission network  

 
 

2.2 The Newton Raphson Load Flow Technique for 
Baseline Modelling 

In this work, the load flow analysis is conducted 
using the Newton-Raphson (NR) method. The Newton-
Raphson method operates by iteratively solving the 
nonlinear power flow equations that relate bus voltages, 
power injections, and network admittance. For each bus 𝑖𝑖 in 
a power system with 𝑁𝑁 buses, the real and reactive power 
mismatches are calculated using: 

∆𝑃𝑃𝑖𝑖 = 𝑃𝑃𝑖𝑖𝑠𝑠𝑠𝑠ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 − 𝑃𝑃𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐;    ∆𝑄𝑄𝑖𝑖 = 𝑄𝑄𝑖𝑖𝑠𝑠𝑠𝑠ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒 −
𝑄𝑄𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐  (1) 

Where, 𝑃𝑃𝑖𝑖𝑠𝑠𝑠𝑠ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒  is the scheduled active power at bus 𝑖𝑖, 
𝑃𝑃𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑒𝑒𝑒𝑒  is the calculated active power at bus 𝑖𝑖 , 
𝑄𝑄𝑖𝑖𝑠𝑠𝑠𝑠ℎ𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒𝑒  is the scheduled reactive power at bus 𝑖𝑖 , 
𝑄𝑄𝑖𝑖𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 is the calculated reactive power at bus 𝑖𝑖. 
These mismatches are functions of the voltage magnitudes 
and phase angles at all buses. The iterative process updates 
these state variables using the Jacobian matrix 𝐽𝐽 of partial 
derivatives, yielding the following update formulation: 

� ∆𝜃𝜃∆|𝑉𝑉|� = 𝐽𝐽−1 �∆𝑃𝑃∆𝑄𝑄�  (2) 

Where, ∆𝜃𝜃  and ∆|𝑉𝑉|  are correction to bus voltage angles 
and magnitudes, 𝐽𝐽  is the Jacobian matrix, ∆𝑃𝑃  and ∆𝑄𝑄  are 
active and reactive power mismatches. 
The iteration continues until a maximum mismatch 
max (|∆𝑃𝑃|, |∆𝑄𝑄|)  falls below a predefined convergence 
tolerance, set at 10−4. In this study, the IEEE 14-bus test 
network was modeled using per-unit parameters, with all 
generation, load, and line data transformed accordingly. 

The NR method was implemented using the polar form, 
where voltages are expressed as magnitude and angle, and 
power mismatches are resolved through successive 
linearization of the nonlinear power flow equations. Three 
types of buses were defined as per standard convention: 

i. Slack Bus (Bus 1): Maintains system voltage 
magnitude and phase reference. 

ii. PV Buses: Generator buses with specified real 
power and voltage magnitude. 

iii. PQ Buses: Load buses with specified active and 
reactive power demands. 

For each iteration, the real and reactive power at each bus 
were computed using: 

𝑃𝑃𝑖𝑖 = ∑ |𝑉𝑉𝑖𝑖|�𝑉𝑉𝑗𝑗��𝐺𝐺𝑖𝑖𝑖𝑖 cos𝜃𝜃𝑖𝑖𝑖𝑖 + 𝐵𝐵𝑖𝑖𝑖𝑖 sin𝜃𝜃𝑖𝑖𝑖𝑖�𝑁𝑁
𝑗𝑗=1   

 (3) 
𝑄𝑄𝑖𝑖 = ∑ |𝑉𝑉𝑖𝑖|�𝑉𝑉𝑗𝑗��𝐺𝐺𝑖𝑖𝑖𝑖 sin𝜃𝜃𝑖𝑖𝑖𝑖 − 𝐵𝐵𝑖𝑖𝑖𝑖 cos𝜃𝜃𝑖𝑖𝑖𝑖�𝑁𝑁

𝑗𝑗=1    (4) 
Where, 𝐺𝐺𝑖𝑖𝑖𝑖 and 𝐵𝐵𝑖𝑖𝑖𝑖 are the real and imaginary parts of the 
admittance matrix, 𝜃𝜃𝑖𝑖𝑖𝑖 = 𝜃𝜃𝑖𝑖 − 𝜃𝜃𝑗𝑗  is the phase angle 
difference between buses 𝑖𝑖 and 𝑗𝑗. 

The computed bus powers were compared against 
the scheduled values to determine mismatch vectors. The 
Jacobian matrix was updated accordingly in each iteration 
to determine the required corrections. This process was 
automated via a customized MATLAB-based 
implementation, ensuring consistent performance and 
reproducibility. The NR method's numerical precision 
enabled the isolation of power mismatch patterns at each 
node and highlighted key areas of energy loss. The 
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flowchart for the Newton-Raphson load flow analysis is presented in Figure 2. 

 
Figure 2  The flowchart of the Newton Raphson Load Flow Analysis [20] 

 
The IEEE 14-bus single-line topology, previously modelled 
and parameterized using standard generator capacities, 
transmission line impedances, and transformer tap settings, 
served as the simulation environment. The core objective of 
the load flow analysis was to validate system performance 
across six principal electrical dimensions: 

i. Per-bus voltage profile, 
ii. Real and reactive power mismatch, 

iii. Transmission line power flow and associated 
losses, 

iv. Slack bus performance over time, 
v. Voltage stability margins, and 

vi. Temporal variations of network behavior. 

To achieve this, a customized Python-based simulation 
pipeline was developed. The preprocessed dataset was 
parsed to evaluate each electrical dimension per timestamp 
and per bus using analytical approximations of power flow 

quantities and mismatch formulations. While Newton-
Raphson power flow algorithm (Figure 2) was employed at 
this stage, approximated load flow quantities were inferred 
from scheduled (dataset-defined) and computed values 
using standard deviation-based perturbations to simulate 
calculation uncertainties, hence replicating realistic 
mismatch conditions. 

3. Results and discussion 
All results from this analysis were visualized 

through both graphical (plots and heatmaps) and tabular 
formats as. Voltage profiles, loss distributions, slack bus 
behaviour, and stability indices were each captured for 
selected timestamps (e.g., peak and off-peak periods), 
providing insights into the natural operating performance of 
the system prior to any enhancement or optimization.  

The results of the load flow demand and power 
loss estimation for the IEEE 14-bus power transmission 
network, incorporating both load and generation conditions, 
are presented comprehensively in Table 2. These results are 
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further visualized in Figure 3 and Figure 4. Together, they 
provide critical insights into the system’s performance 

under the given operating conditions. 
Table 2: Line Flow Demand and Loss (Baseline Model) 

 

 
Figure 3: Active and reactive power demand 
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Figure 4: Line power losses 

The active and reactive power flows across the 
various transmission lines, as seen in Table 2 and Figure 3, 
reveal the spatial distribution of power throughout the 
network. The highest active power transfer is observed 
along the line 1–5 (229.10 MW), which corresponds to one 
of the key transmission corridors linking the main 
generation centers with significant load areas. Similarly, the 
line 2–4 carries a substantial active load of 140.42 MW, 
indicating its strategic role in supporting the power transfer 
towards downstream buses. Conversely, some lines exhibit 
negative power flow values, such as 4–5 (−1.065 MW) and 
7–8 (−120.034 MW). This negative sign is not an anomaly 
but a correct representation of the directionality of power 
transfer, indicating that power is effectively flowing in the 
reverse direction relative to the initial assumption. These 
directional reversals arise naturally in interconnected 
systems where distributed generation or varying load 
demands cause shifts in flow patterns. It also underscores 
the dynamic balance of supply and demand throughout the 
network. The reactive power flows mirror the trends in 
active power but exhibit notable variation in magnitude. 
This is expected, as reactive power management is heavily 
influenced by voltage regulation requirements, line 
reactance, and the presence of capacitive or inductive loads. 

The corresponding line losses, presented alongside 
the flows in Table 2 and visualized in Figure 4, highlight 
the differential impact of power transfers on system 
efficiency. The lines 1–5, 2–4, 2–5, and 6–12 exhibit 
exceptionally high-power losses, with total losses reaching 
up to 13,907.57 units on line 1–5 alone. These large loss 
figures are attributed primarily to the higher current 
magnitudes resulting from substantial active and reactive 
power transfers combined with significant line impedance. 
A crucial observation is that lines with minimal or near-
zero power transfer, such as 4–7, 4–9, 7–9, 9–14, 
correspondingly show negligible power losses. This 
reaffirms the principle that line losses scale approximately 

with the square of the current, where current is minimal, 
losses remain small regardless of the physical length or 
impedance of the line. The presence of non-zero losses 
even on lines with negative power flows (e.g., 5–6, 7–8) 
further reinforces the correctness of the model. Losses are 
inherently non-directional in their calculation, being 
dependent on the absolute magnitude of current rather than 
the sign of the flow. 

In the operation of power systems, the slack bus, 
also known as the swing or reference bus, plays a crucial 
role in maintaining the system’s power balance and 
frequency stability. The slack bus compensates for real-
time mismatches between total system generation and 
demand, and it absorbs any excess or deficit in both active 
and reactive power flow. In the IEEE 14-bus power 
transmission network considered for this study, Bus 1 
serves as the designated slack bus, and its performance over 
time provides valuable insights into the dynamics of 
system-wide power variations. 

The hourly active and reactive power injections of 
the slack bus over the entire simulation period, spanning a 
full year (8,760 hours) are presented in Figure 5. The 
results demonstrate clear temporal variability in both active 
power injection (measured in megawatts, MW) and reactive 
power injection (measured in megavolt-amperes reactive, 
MVAR), underscoring the dynamic nature of load demand 
and system response. The active power injection by the 
slack bus fluctuates significantly across the simulation 
horizon, with observed values ranging from approximately 
15.59 MW at the lower end (e.g., 19:00 hours on December 
31st) to peaks exceeding 85 MW (e.g., 01:00 hours on 
January 1st). This variation reflects the diurnal and seasonal 
changes in load demand patterns, as well as the contribution 
of other generation units within the system. Notably, the 
system experiences higher slack bus injections during peak 
demand periods, typically corresponding to evening hours 
when residential and commercial consumption tends to rise. 
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Figure 5: Slack bus power injection over time 

Similarly, reactive power injection exhibits 
substantial variability, with values ranging from about 6.48 
MVAR to nearly 71.55 MVAR over the year. The highest 
reactive power injections coincide with periods of heavy 
active power transfer, as the system compensates for 
increased reactive losses and maintains voltage stability. 
Conversely, during low-load periods, the reactive power 
requirements diminish, resulting in lower injections by the 
slack bus. One key observation is the presence of both high 
and moderate power injection phases, corresponding to 
distinct system loading conditions, such as weekdays with 
commercial activities versus weekends or holidays with 
reduced demand. These trends are essential for grid 
operators to monitor, as excessive reliance on the slack bus 
may indicate imbalances or inadequacies in distributed 
generation, load shedding, or voltage regulation. Figure 5 
also illustrates these temporal variations graphically, 
allowing for easy identification of peak and off-peak 

behaviours. The visualization also highlights the correlation 
between active and reactive power injections: while both 
follow similar trends, reactive power shows somewhat less 
pronounced peaks, which is consistent with the system’s 
efforts to control voltage within permissible limits even 
when active power swings are significant. 

The stability, efficiency, and reliability of an 
electrical power system are inherently linked to the voltage 
profile across the network and the amount of power loss 
incurred during transmission. Understanding how these two 
critical parameters evolve over time is essential for 
informed operational decision-making and long-term 
system planning. The results of this analysis, presented in 
Figure 6, offer valuable insights into the temporal trends of 
average bus voltage and total power losses within the IEEE 
14-bus power transmission network over a full calendar 
year. 

 
Figure 6: Time based voltage and power loss trends 
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The average voltage across all buses, measured in 
per unit (p.u.), exhibits a relatively stable behavior 
throughout the simulation period. The voltage values 
remain consistently close to the nominal value of 1.0 p.u., 
with slight oscillations observed in response to fluctuating 
system loads and generation patterns. Specifically, the 
average voltage ranges from approximately 0.9935 p.u. at 
the lower end to around 1.0118 p.u. at the upper bound. 
This stability reflects the effectiveness of the voltage 
control mechanisms embedded within the network, 
particularly the presence of generator buses (PV buses) and 
the slack bus that actively regulate voltage levels. The 
minor deviations from the nominal voltage are typical in 
practical power systems and can often be attributed to 
variations in load demand, line impedances, reactive power 
flows, and the operational status of shunt capacitors or 
transformer tap changers. Periods of voltage dip, such as 
the instance recorded at 01:00 hours on January 1st (0.9935 
p.u.), are likely correlated with peak load conditions where 
reactive power support becomes strained. Conversely, 
slight voltage elevations above 1.01 p.u. are often observed 
during off-peak hours when the system is lightly loaded, 
resulting in less voltage drop across transmission 
lines.Maintaining voltages within acceptable bounds is vital 
for protecting sensitive equipment, minimizing 
transmission losses, and ensuring overall system security. 
The trends observed in Figure 4.6 indicate that the system 
operates within a well-regulated voltage envelope, although 
continuous monitoring is essential to detect and mitigate 
potential voltage instability risks. 

In tandem with voltage variations, the total active 
power loss across the network shows a distinct temporal 

pattern, heavily influenced by the dynamic nature of system 
demand. The total power losses fluctuate between 
approximately 53.12 MW and 83.61 MW over the course of 
the year. The highest losses, such as the 83.61 MW 
recorded at 03:00 hours on January 1st, align with periods 
of elevated power transfer, which inherently increases 
current flow and, by extension, I²R losses in the 
transmission lines. Conversely, the lowest losses, such as 
the 53.12 MW observed at 23:00 hours on December 31st, 
occur during periods of reduced load, when less power is 
being transferred and line currents are minimized. This 
inverse relationship between system loading and power 
losses is consistent with fundamental power system 
principles. The nature of the power loss curve, as depicted 
in Figure 6, highlights the need for demand-side 
management, distributed generation integration, and 
network reconfiguration strategies to reduce losses and 
improve overall system efficiency. Furthermore, high loss 
periods may indicate congestion or bottlenecks within 
specific transmission corridors, warranting potential 
network reinforcement or optimization interventions. 

The voltage stability of a power system is a critical 
aspect of its operational integrity, reflecting the system's 
ability to maintain acceptable voltage levels under varying 
load conditions and disturbances. The Voltage Stability 
Index (VSI), presented in Figure 7, provides a quantitative 
measure of proximity to voltage instability or collapse. 
Typically, values closer to 1 indicate robust voltage 
stability, while values significantly lower than 1 suggest 
heightened vulnerability. 

 
Figure 7: Stability index plot 

The results obtained from the year-long simulation reveal 
that the VSI for the IEEE 14-bus power transmission 
network  remains consistently high throughout the period, 
with values ranging approximately from 0.9697 to 0.9783. 

This narrow band of variation demonstrates that the system 
is operating well within stable voltage limits across all 
timestamps evaluated. 
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The per bus voltage profile statistics for IEEE 14-
Bus are presented in Table 3 and Figure 8. The voltage 
profile analysis conducted across all buses in the IEEE 14-
bus distribution network reveals that the voltage 
magnitudes remained within the acceptable regulatory 
bounds of 0.94 to 1.06 per unit, as recommended by IEEE 
Std 1159 and related operational norms. This compliance 
across all 14 buses is a critical indicator of proper reactive 
power balance, controlled network loading, and sufficient 
voltage support mechanisms within the modeled network. 
From Table 2, it is evident that the minimum and maximum 
voltage values are identical for all buses, each ranging from 
0.94 pu to 1.06 pu, suggesting that the network simulation 
includes both high-load (peak) and low-load (off-peak) 
scenarios. These extremities correspond to the outer bounds 
of expected daily operational voltages and likely reflect 
worst-case voltage drops and rises, respectively. The 
average voltage magnitude across all buses fluctuates only 
within the narrow band of 0.9993 to 1.0008 pu, indicating 

an extremely well-balanced system under baseline 
(unoptimized) conditions. This high degree of voltage 
consistency suggests that, at this stage, no bus is subject to 
chronic under- or over-voltage conditions, which is a 
desirable property in both operational and planning 
contexts. 

More specifically, bus 3 records the highest 
average voltage magnitude of 1.000837 pu, which could 
imply it benefits from close proximity to a strong voltage 
support source (such as a generator or regulated 
transformer). Conversely, Bus 6 has the lowest average 
voltage magnitude of 0.999376 pu, which still comfortably 
falls within nominal tolerance and may be attributed to its 
network depth or cumulative impedance. Buses such as 1, 
5, 7, 10, 14 all maintain average values tightly clustered 
around 1.0004 pu, further reinforcing uniform voltage 
performance across the network. 

 

Table 3: Per-Bus Voltage Profile Statistics for IEEE 14-Bus power transmission network    
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Figure 8: Per-Bus Voltage Profile Statistics for IEEE 14-Bus power transmission network   

 
 

 
Additionally, the result confirms that the modelled 

system is inherently voltage stable, requiring minimal post-
processing correction at the baseline level. Future 
improvements will therefore aim at optimizing transient 
voltage behaviours, reactive support efficiency, and 
resilience to contingencies, rather than correcting 
fundamental voltage violations.  

A fundamental requirement for the stable and 
reliable operation of any electric power system is the ability 
to maintain an exact or near-exact balance between power 

generation and power consumption across all buses in the 
network.  

The computed active (P_mismatch) and reactive 
(Q_mismatch) power mismatches for each bus in the IEEE 
14-bus power transmission network are present in Table 4 
and Figure 9. The mismatch values were obtained by 
comparing the average power demand at each bus, 
extracted from the simulated dataset, against the assigned 
generation capacities based on the standard classification of 
bus types. In this system, five buses (Bus 1, Bus 2, Bus 3, 
Bus 6, and Bus 8) were designated as generator buses, with 
Bus 1 serving as the slack or swing bus. The remaining 
buses were treated as pure load buses with no embedded 
generation. 

Table 4: Per-Bus Active and Reactive Power Mismatch Summary 
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The ability of a power system to maintain an exact 
balance between scheduled power injections and calculated 
power flows is a fundamental indicator of network 
solvability and physical realism in load flow analysis. Table 
4, visualized in Figure 9 summarizes the active (P) and 
reactive (Q) power mismatches for each bus across the 
IEEE 14-bus power transmission network. These values 
reflect the numerical deviation between scheduled and 
computed power flows, as determined using nonlinear 
power flow equations. 
As seen in Table 3, the generator buses which include Bus 
1, Bus 2, Bus 3, Bus 6, and Bus 8, recorded positive active 
and reactive power mismatches. This is a desirable and 
expected outcome, as these buses supply more power than 
they consume locally. The surplus power at these generator 
buses is what enables the network to meet the demands of 

non-generator buses and to compensate for losses that 
naturally occur along transmission lines. Bus 1 (Slack Bus) 
showed the highest positive mismatch, with an active power 
surplus of 173.824 MW and a reactive power surplus of 
65.994 MVAR. This reflects its role as the balancing bus, 
absorbing any system-wide imbalance and maintaining 
system voltage and frequency stability. Bus 2 and Bus 3 
(PV buses) also contributed significant active power 
surpluses of 84.083 MW and 74.008 MW respectively, 
alongside notable reactive power contributions. These 
values emphasize their role in voltage control and load 
sharing. Bus 6 and Bus 8, while operating as PV buses, 
exhibited smaller surpluses (63.799 MW and 63.973 MW 
respectively), yet their contributions are vital in supporting 
the overall power flow equilibrium. 

 
Figure 9: Per-Bus Active and Reactive Power Mismatch (Baseline Load Flow Analysis) 

In contrast, all the load-only buses (PQ buses) which 
include: buses 4, 5, 7, 9, 10, 11, 12, 13, and 14, exhibited 
negative mismatches in both active and reactive power. 
This indicates that these buses consume more power than 
they generate (in this case, they have no generation at all), 
resulting in net deficits that must be supplied from 
elsewhere in the network. The negative mismatches are 
relatively uniform across these buses, with active power 
deficits clustering around -55 to -56 MW and reactive 
power deficits ranging between -23.8 MVAR and -24.2 
MVAR. This uniformity is indicative of the homogenous 
distribution of loads within the system as captured by the 
synthetic dataset used in the simulation. The marginal 
differences in mismatch values can be attributed to slight 
variations in the specific load demand profiles at each bus, 
which are inherently time-varying in a real system but 
averaged here for baseline assessment. The graphical 
representation in Figure 9 vividly illustrates the mismatch 
pattern across the 14-bus power transmission network. The 
positive bars highlight generator buses that serve as power 
sources, while the negative bars depict load buses that 
represent power sinks. 

4. Conclusion 
In this study, a comprehensive load flow analysis 

was conducted on the IEEE 14-bus power transmission 
network using simulated bus-level demand data alongside 
the transmission line parameters characterizing the network. 
The objective was to evaluate both the power demand 
distribution and the line power losses across the network. 
Also, voltage profiles, loss distributions, slack bus 
behaviour, and stability indices were each captured for 
selected timestamps (e.g., peak and off-peak periods), 
providing insights into the natural operating performance of 
the system prior to any enhancement or optimization. The 
voltage profile analysis conducted across all buses in the 
IEEE 14-bus distribution network reveals that the voltage 
magnitudes remained within the acceptable regulatory 
bounds of 0.94 to 1.06 per unit, as recommended by IEEE 
Std 1159 and related operational norms. This compliance 
across all 14 buses is a critical indicator of proper reactive 
power balance, controlled network loading, and sufficient 
voltage support mechanisms within the modeled network. 
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