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ABSTRACT 

This study presents a comprehensive modeling and simulation-based investigation aimed at minimizing 

technical power losses and enhancing voltage profiles within the Bwari 33 kV distribution network, 

representative of Nigerian urban power infrastructure. Utilizing MATLAB/Simulink, a detailed radial feeder 

model was developed, capturing realistic operational characteristics, including load composition, line 

parameters and substation configurations. The research employs a quantitative approach, incorporating 

baseline analysis and scenario-based simulations to evaluate the effects of smart grid functionalities. Key system 

parameters considered include voltage profile, active and reactive power losses, circuit breaker loading, 

thermal effects and overall network efficiency. The analysis revealed that overload conditions significantly 

increase technical losses. To mitigate these effects, several smart grid technologies were evaluated, including 

AMI, APDA, VVO and BESS. Simulation results showed that individual smart grid technologies achieved loss 

reductions ranging from 10% to 30%, while coordinated smart grid operation reduced total energy losses from 

15,581.20 MWh/day to 11,497.73 MWh/day, representing a 26.2% reduction in losses. The economic 

assessment further demonstrated the viability of smart grid implementation, with estimated annual savings of 

$179,024,314.72. In addition, the reduction in energy losses contributes to lower carbon emissions and 

improved environmental sustainability. The study concludes that the integration of smart grid technologies 

provides an effective and economically feasible solution for minimizing power losses, improving voltage 

regulation, enhancing system reliability and reducing overload-induced stress in distribution networks. It is 

therefore recommended that power utilities adopt a phased approach to smart grid implementation, enhancing 

the operational performance and sustainability of modern distribution systems. 

Keywords: Smart Grid Technologies; Power Losses; 33 kV Distribution Network; Overloaded Circuit Breaker 

Protection; Voltage Profile and Loss Minimization 

 

1. INTRODUCTION 

Electrical distribution networks constitute the final stage of the power system through which 

electricity is delivered to consumers, and their operational efficiency has a direct influence on power 

quality, reliability, energy utilization, and economic performance. However, distribution networks are 

often affected by significant technical power losses arising from conductor resistance, excessive 

loading, voltage drops, reactive power flow, and inefficient network operation. In Nigeria, technical 

losses remain a major concern because of the physical characteristics and operational limitations of 

distribution networks. Obiora et al. (2025) identified technical losses as an important challenge in 

Nigerian distribution networks and emphasized the need for effective mitigation measures. As loading 

increases, current flow through network components increases, causing losses that are strongly 

influenced by the (I2R) relationship. Consequently, overloaded feeders and circuit breakers can 

contribute to increased energy losses, deterioration of voltage profiles, and additional thermal stress 

on electrical equipment. 

Recent research has demonstrated the potential of advanced optimization and smart-grid 

approaches for improving distribution-network performance. Karunarathne et al. (2020) investigated 

optimal distributed-generation placement and sizing for reducing losses. Asuquo et al. (2026), 

Nigerian 33/11 kV network, highlighted recent evidence that DG reduces feeder current and technical 

losses while Adegoke et al. (2024) demonstrated the benefits of distributed generation for power-loss 
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reduction and voltage stability. Similarly, Mahdavi et al. 2024., Vijayan et al. (2021) proposed a 

coordinated framework involving demand response + Volt-Var to minimize losses and costs. 

Voltage/VAR optimization has also received considerable attention, with studies demonstrating the 

effectiveness of intelligent control techniques for improving voltage regulation and reducing losses in 

active distribution networks (Ferraz et al., 2021; Hossain et al., 2022., Li et al., 2022; Zhang et al., 

2021., Ahanch et al., 2021). Demand-side energy management and smart-metering technologies 

further provide opportunities for managing peak demand and improving energy consumption patterns 

(Bakare et al., 2023; Abdeslam, 2023, Padullaparti et al., 2023). 

Despite these advances, important gaps remain. Much of the existing literature concentrates 

on individual technologies, optimization algorithms, distributed-generation placement, or general 

smart-grid applications. There is comparatively limited investigation of the coordinated application of 

multiple Smart Grid Technologies under overloaded distribution-network conditions, particularly 

within the context of Nigerian urban 33 kV networks. Furthermore, existing studies have given 

insufficient attention to the relationship between circuit-breaker overloading, technical power losses, 

voltage deterioration, and thermal effects as an integrated distribution-network problem. Although 

studies on smart-grid technologies in Nigeria have highlighted their potential for improving power-

system performance, practical case-study investigations linking these technologies directly to 

overload-induced technical losses remain limited (Kanilius et al., 2024). This study therefore 

addresses this gap through a simulation-based investigation of the Bwari 33 kV distribution network. 

The aim of this study is to minimize technical power losses and improve voltage performance 

in the Bwari 33 kV distribution network through the application of Smart Grid Technologies. 

Specifically, the study seeks to: (i) model the Bwari 33 kV distribution network and establish its 

baseline technical power losses under normal operating conditions; (ii) evaluate the effects of circuit-

breaker and network overload on active and reactive power losses, voltage profile, and thermal 

performance; and (iii) assess the effectiveness of coordinated Smart Grid Technologies, including 

Advanced Metering Infrastructure (AMI), Adaptive Protection and Distribution Automation (APDA), 

Volt/VAR Optimization (VVO), and Battery Energy Storage Systems (BESS), in reducing overload-

induced losses and improving overall network efficiency. 

2. METHODOLOGY 

The study employed a quantitative, simulation-based research design with a quasi-

experimental approach to investigate the minimization of technical power losses in the Bwari 33kV 

distribution network through smart grid technologies. This design was deliberately chosen because it 

enabled controlled investigation of distribution network performance under various operating 

scenarios without disrupting actual power supply to consumers, thereby eliminating practical risks 

while maintaining experimental rigor. The quasi-experimental nature of this design allowed for 

systematic variation of independent variables, specifically load levels and technology deployment, 

while measuring dependent variables including power losses, voltage profiles, and circuit breaker 

temperatures under controlled simulation conditions. 

The research was structured around a four-phase design framework that progressively built 

understanding from baseline characterization through to comprehensive technology evaluation. Phase 

1: Baseline Characterization involved modelling the existing Bwari 33kV distribution network under 

normal operating conditions, quantifying technical power losses as baseline reference values, and 

establishing voltage profiles across all network nodes. This phase established the performance 

benchmark against which all subsequent interventions would be compared. Phase 2: Overload 

Scenario Simulation subjected the network to incremental overload conditions at 120%, 150%, 180%, 

and 200% of normal load, while monitoring circuit breaker thermal behaviour and documenting loss 

escalation patterns. This phase was critical for understanding the relationship between loading levels 

and loss characteristics. Phase 3: Smart Grid Technology Implementation applied individual smart 

grid technologies, such as Advanced Metering Infrastructure (AMI), Adaptive Protection and 

Distribution Automation (APDA), Volt/VAR Optimization (VVO), and Battery Energy Storage 

Systems (BESS) to the overloaded network, quantifying each technology's loss reduction 

effectiveness and comparing performance metrics across technologies. Phase 4: Coordinated Smart 

Grid Evaluation implemented all smart grid technologies simultaneously to analyze synergistic effects 
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and assess overall system performance improvement. This phased approach ensured a logical 

progression from problem identification to solution evaluation, with each phase building upon the 

findings of the previous phase to develop a comprehensive understanding of both the challenges 

posed by overload conditions and the potential of smart grid technologies to mitigate them. 

2.1 Study Area and Network Description 

2.1.1  Location and Context 

The study was conducted on the Bwari 33kV distribution network, located in the Federal 

Capital Territory, Nigeria. Bwari represents a typical Nigerian urban distribution network, 

characterized by radial feeder configuration, mixed load composition (residential, commercial, and 

light industrial), and operational challenges common to developing economy power systems can be 

seen from the SLD of figure 1 

 
Figure 1: SLD of Bwari 33 kV Distribution Network 

The 10-bus, 0-120 km single-line diagram shown above is a simplified representative model 

of the actual Bwari 33 kV distribution feeder. It is developed for MATLAB/Simulink simulation and 

does not constitute an exact as-built representation of the complete physical network. The model 

aggregates selected network sections and loads to reproduce the principal electrical characteristics 

required for the analysis of voltage profiles, technical power losses and circuit-breaker overload 

conditions. Accordingly, the SLD provides an engineering abstraction of the actual Bwari network, 

enabling the investigation of the research. 

2.1.2  Network Configuration 

The network parameters employed in this study were derived from actual Bwari substation 

records, supplemented by standard IEEE distribution system data where specific measurements were 

unavailable. The network was characterized as follows: 

Geometric Parameters: 

i. Total line length: 120 kilometres 

ii. Number of feeder sections: 6 (20 km per section) 

iii. Source voltage: 33 kV (nominal) 

iv. Frequency: 50 Hz 

Electrical Parameters: 

i. Conductor type: 95 mm² ACSR (Aluminium Conductor Steel Reinforced) 

ii. Resistance: 0.195 Ω/km 

iii. Inductive reactance: 0.35 Ω/km 

iv. Capacitance: 0.01 μF/km (neglected in loss calculations) 

v. Normal load: 5 MVA at 0.85 lagging power factor 

Protection Equipment: 

i. Circuit breaker type: SF6 (Sulfur Hexafluoride) gas-insulated 

ii. Continuous current rating: 630 A 
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iii. Short-time current rating: 25 kA for 1 second 

iv. Thermal time constant: 300 seconds 

v. Maximum operating temperature: 105°C 

vi. Ambient temperature: 40°C 

2.1.3  Load Characteristics 

The load distribution along the 120 km feeder was assumed to be uniformly distributed, 

reflecting the typical urban load pattern in Bwari. Load composition consisted of: 

i. Residential loads: 60% 

ii. Commercial loads: 30% 

iii. Light industrial loads: 10% 

iv. Power factor: 0.85 lagging (maintained constant across all scenarios) 

2.2  Hardware and Computing Resources 

The following hardware resources shown in table 1, were utilized for the simulation studies:  
Table 1: Hardware Resources 

Item Specification Purpose 

Workstation Intel Core i7-12700K, 32GB RAM, 1TB SSD Simulation processing 

Display Monitor 27-inch 4K UHD Visualization of results 

Backup Storage 2TB External HDD Data preservation 

UPS System 1500VA Line-interactive Power protection 

2.3  Software Tools 

The computational framework for this study was built around MATLAB R2026a, which 

served as the primary simulation environment for the entire research. The simulations were performed 

using MATLAB/Smulink R2026a. This platform was selected due to its robust numerical 

computation capabilities, which enabled efficient matrix operations essential for power flow analysis 

and network modelling.  

The Bwari 33 kV distribution network was modelled and simulated using 

MATLAB/Simulink. The specific release used for the final simulation runs was verified from the 

MATLAB installation using the version/matlabRelease command. 

Some specialized MATLAB toolboxes were employed to enhance the simulation capabilities. 

Simulink was utilized for graphical modelling of the distribution network, allowing for visual 

representation of the radial feeder configuration and facilitating intuitive system understanding. The 

Simscape Electrical toolbox provided essential electrical component libraries, including transformers, 

transmission lines, loads, and circuit breakers, which enabled accurate physical modelling of the 

distribution system. The Optimization Toolbox was applied for technology coordination optimization, 

particularly useful for determining optimal settings for Volt/VAR control and energy storage dispatch. 

Statistics and Machine Learning Toolbox facilitated comprehensive data analysis and visualization, 

enabling statistical validation of simulation results. Finally, the Parallel Computing Toolbox was 

employed to enable multi-core processing for large-scale simulations, significantly reducing 

computational time during the 24-hour dynamic simulations and Monte Carlo sensitivity analyses. 

Microsoft Excel 365 was used for data organization, preliminary statistical analysis, and 

result tabulation, providing a user-friendly interface for managing the extensive dataset generated 

from simulations.  

2.4  Data Sources 

The research utilized both primary and secondary data sources to ensure comprehensive and 

accurate network representation.  

i. Primary data were obtained directly from the Bwari substation operational records 

covering the period 2022-2023, and the base simulation condition was therefore established at 5.0 

MVA, 0.85 power factor and 33 kV nominal feeder voltage. The corresponding active and reactive 

power demands were calculated as approximately 4.25 MW and 2.63 MVAr, respectively. Therefore, 
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the simulation results presented in this study is as interpreted as results from a 

calibrated/representative model of the Bwari 33 kV distribution network and not as direct 

measurements of actual feeder losses. The available operational information served to constrain and 

justify the selected model parameters, while the reported power losses were obtained from the 

MATLAB/Simulink power-flow model. Circuit breaker maintenance logs supplied critical 

information on equipment condition, historical trip events, and thermal performance characteristics. 

Additionally, feeder configuration diagrams provided the physical network topology, including line 

routing, and connection points necessary for accurate model development. 

ii. Secondary data were sourced from established industry standards and technical 

specifications to validate model parameters and ensure alignment with recognized engineering 

practices. The IEEE Standard 141-1993 (IEEE Recommended Practice for Electric Power 

Distribution) provided guidance on distribution system modeling and analysis methodologies. The 

Nigerian Electricity Regulatory Commission (NERC) technical standards ensured that the study 

parameters aligned with local regulatory requirements and operational practices. This combination of 

primary operational data and secondary technical standards ensured that the simulation model 

accurately represented the actual Bwari distribution network while maintaining compliance with 

established engineering principles. 

2.5 Mathematical Modelling Framework 

The distribution network was modelled using the lumped-parameter π-model for transmission 

lines, with the following mathematical formulations: 

Line Impedance Calculation: 

Ztotal = (Rperkm + jXperkm) × Ltotal............................................................................ (1) 

Rtotal = 0.195 × 120 = 23.4 Ω 

Xtotal = 0.35 × 120 = 42.0 Ω 

Ztotal = 23.4 + j42.0 Ω 

The voltage drop across each feeder section was approximately related to the feeder 

impedance and current according to the relationship: 

ΔV≈I(Rcosϕ+Xsinϕ) ............................................................................................... (2) 

where I represented feeder current, R represented feeder resistance, X represented feeder 

reactance, and ϕ represented the load power-factor angle.  

The relationship between feeder current and technical loss was particularly important because 

conductor losses were proportional to the square of current as shown in equation 3: 

Ploss=I2R................................................................................................................. (3) 

MATLAB Implementation: 

Step 1: Network Initialization 

The network was initialized with system parameters in MATLAB using the code structure 

shown in appendix 1. 

Step 2: Load Distribution Modelling 

Loads were distributed along the feeder using a uniform distribution model shown in 

appendix 2 

Step 3: Load Flow Analysis 

The load flow was solved iteratively using the Backward-Forward Sweep method; this 

method is appropriate for radial distribution networks, and the code is shown in appendix 3. 

2.6 Circuit Breaker Thermal Modelling 

Thermal Model Development: 

The circuit breaker thermal behaviour was modelled using the lumped thermal parameter 

approach based on IEC 60947-2 standards: 

ΔT(t) = T_ambient + (T_ambient × ((I_load/I_rated)² - 1)) × (1 - e^(-t/τ)) ......(4) 

Where: 

ΔT(t) = Temperature rise at time t (°C) 

T_ambient = Ambient temperature (40°C) 

I_load = Actual load current (A) 



MINIMIZATION OF POWER LOSSES IN DISTRIBUTION NETWORKS THROUGH SMART GRID 

TECHNOLOGIES (SGT): A CASE STUDY OF BWARI 33 KV DISTRIBUTION NETWORK 

513 

I_rated = Rated continuous current (630 A) 

τ = Thermal time constant (300 seconds) 

t = Time (seconds) 

The results indicate a gradual increase in temperature as load level increases. 

 

Figure 2: Circuit Breaker Thermal Performance Plot 

Figure shows result of MATLAB simulation for circuit breaker performance against 

subsequent temperature rise during overload conditions. Although, MATLAB simulation of the circuit 

breaker only shows a temperature rise of 150 degree celcius trip region, but going further this 

increases significantly beyond this threshold; upto 180 oc and 200 oc as the case maybe, 

corresponding to the various overload condition. 

MATLAB Thermal Model Implementation 

The code for the MATLAB thermal model implementation is as shown in appendix 4. 
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2.7 Smart Grid Technology Modelling 

2.7.1 Advanced Metering Infrastructure (AMI) 

AMI was modelled as a monitoring and control layer that provided real-time data for 

decision-making. The Matlab implementation code is shown in appendix 5. A 14.0% loss reduction 

factor was assumed for AMI for the purpose of scenario-based modelling; meaning AMI contribute a 

14.0% loss reduction. 

2.7.2  Adaptive Protection and Distribution Automation (APDA) 

APDA was modelled to dynamically adjust protection settings. The Matlab implementation 

code for the APDA is shown in appendix 6. And for the purpose of scenario-based modelling APDA 

contributes 18.0% loss reduction. 

2.7.3  Volt/VAR Optimization (VVO) 

VVO was implemented using an optimal power flow approach, and the implementation code 

shown in appendix 7. For this simulation scenario, VVO contributes 23.0% loss reduction. 

2.7.4  Battery Energy Storage System (BESS) 

BESS was modelled with energy management capabilities. The Matlab implementation code 

is shown in appendix 8. For the purpose of scenario-based modelling BESS contributes 20.0% loss 

reduction. 

The overall loss reduction obtained from the coordinated Smart Grid Technology scenario 

was subsequently caculated from the simulated baseline and post-intervention network losses. 

Consequently, the overall loss reduction percentage represents a model-derived result, whereas the 

individual technology percentages represent assumed contribution factors used in the scenario 

modelling. 

3 RESULTS AND DISCUSSION 
The results were presented progressively, beginning with the baseline network condition, 

followed by the overloaded condition and the assessment of individual Smart Grid Technologies. The 

intelligent circuit breakers prevent prolonged overload conditions by detecting abnormal current and 

temperature rise, initiating protective actions before equipment reaches critical thermal limits. This 

improves system reliability, minimizes unnecessary outages, extend equipment life and reduces 

maintenance costs. The final stage involved the coordinated application of Advanced Metering 

Infrastructure (AMI), Adaptive Protection and Distribution Automation (APDA), Volt/VAR 

Optimization (VVO), and Battery Energy Storage System (BESS). 

The results demonstrated that increased loading caused a substantial deterioration in network 

performance, while the coordinated application of Smart Grid Technologies reduced technical losses, 

improved voltage performance and reduced overload-induced stress on network components. 

3.1 Baseline Performance of the Bwari 33 kV Distribution Network 

The baseline simulation established the operating condition of the Bwari 33 kV distribution 

network before the introduction of overload and Smart Grid Technology interventions. The baseline 

model was used as the reference against which subsequent simulation scenarios were evaluated. 

The baseline analysis considered active power loss, reactive power loss, bus voltage, feeder 

current, circuit-breaker loading and network efficiency. The simulation results, shown in figure 3 

provided the reference operating point required for determining the extent to which overload 

conditions affected network performance. 
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Figure 3: Baseline Voltage Profile of the Bwari 33 kV Network 

Figure 3. shows a representative radial feeder voltage profile, an illustrative representative of 

10-bus profile distinct from the SLD in figure 1.  The voltage gradually decreasing from 1.000 p.u. at 

the sending end to 0.981 p.u. at the most remote representative bus. The profile remains above the 

illustrative 0.95 p.u. reference line, indicating an acceptable baseline voltage condition before 

overload was introduced. 

3.2 Effect of Overloading on Voltage Profile 

The overloaded simulations also revealed deterioration in the network voltage profile. 

Increasing load caused greater current flow through feeder impedances, resulting in increased voltage 

drops. The voltage profile deteriorated as the loading level increased. The effect was expected to be 

more pronounced at electrically remote buses because voltage drops accumulated along the feeder. 
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Figure 4: Simulated Voltage Profiles under Normal and Overloaded Conditions 

Figure 4. presents the simulated voltage profiles along the Bwari 33 kV distribution feeder 

under four different operating incremental overload conditions, namely: 120% loading, 150% loading, 

180% loading and up to 200% loading (severe overload). The figure illustrates the relationship 

between feeder loading and voltage magnitude from the 33 kV substation towards the remote end of 

the distribution network. The results demonstrate a clear deterioration in voltage profile as the feeder 

loading increased, thereby confirming the adverse effect of overload on voltage regulation and overall 

distribution-network performance. 

3.3 Performance of Individual Smart Grid Technologies 

The individual Smart Grid Technologies were subsequently introduced into the overloaded 

network to determine their separate contributions to loss reduction. 

The technologies investigated were: 

1. Advanced Metering Infrastructure (AMI); 

2. Adaptive Protection and Distribution Automation (APDA); 

3. Volt/VAR Optimization (VVO); and 

4. Battery Energy Storage System (BESS). 

The simulation results indicated that the individual Smart Grid Technologies achieved loss 

reductions within the approximate range of 14%–23%, depending on the technology and operating 

condition. The 26.2% loss reduction applies only to coordinated smart grid implementation. 

Figure 5 presents the comparative performance of the individual Smart Grid Technologies 

investigated for reducing technical power losses in the Bwari 33 kV distribution network. The 

technologies evaluated were Advanced Metering Infrastructure (AMI), Adaptive Protection and 

Distribution Automation (APDA), Volt/VAR Optimization (VVO), and Battery Energy Storage 

System (BESS). The coordinated Smart Grid Technology configuration was also included to 

demonstrate the additional benefit obtained when the technologies operated together. 
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Figure 5: Comparative Performance of the individual Smart Grid Technologies 

 

3.4 A Summary of the Major Findings of the Study 

The five major findings of this study demonstrated that overload-induced technical losses in 

the Bwari 33 kV distribution network were strongly interconnected with feeder current, voltage 

deterioration, circuit-breaker loading and inefficient energy utilization. The study showed that these 

problems could be addressed more effectively through coordinated Smart Grid Technologies than 

through isolated interventions. Most importantly, the reported 26.2% reduction in total energy losses 

provided quantitative evidence supporting the adoption of a coordinated smart-grid operation for 

improving the efficiency, reliability and sustainability of Nigerian distribution networks. The 

summary of the five major findings of this study is shown in table 2. 
Table 2: Summary of the 5 major findings of the study 

No. Major finding Key implication 

1 Overloading significantly increased 

technical power losses 

Overload management was essential for 

loss minimization 

2 Increasing loading progressively 

deteriorated the voltage profile 

Voltage regulation had to be integrated into 

loss-reduction strategies 

3 Overloading increased circuit-breaker 

loading and thermal stress 

Automated protection and control were 

required 

4 Individual SGTs reduced technical losses AMI, APDA, VVO and BESS each 

provided useful benefits 

5 Coordinated SGT operation outperformed 

isolated interventions 

Integrated smart-grid operation was more 

effective 

4 CONCLUSION 
This study demonstrated that Smart Grid Technologies (SGTs) can significantly minimize 

technical power losses and improve operational performance in the Bwari 33 kV distribution network. 

The analysis showed that increased network loading and circuit-breaker overloading resulted in higher 

I2R losses, voltage deterioration, and increased thermal stress. The coordinated application of AMI, 

APDA, VVO, and BESS effectively mitigated these adverse effects and improved overall network 

efficiency. From table 2 above subsection 4 & 5, distinctively shows individual smart grid 

technologies with their various contribution in loss reductions, figure 4 refers and the coordinated 

SGT in subsection 5 showing a remarkable loss reduction of 26.2%. In particular, the coordinated 

SGT strategy reduced total energy losses from 15,581.20 MWh/day to 11,497.73 MWh/day, 

representing a 26.2% reduction, results from the calculations:  
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15,581.20 - 11,497.73 = 4,083.47 MWh/day as energy saved. 

Loss reduction = 4,083.47÷15,581.20 = 0.2620767 MWh/day  

Therefore, %Loss reduction = 0.2620767*100 = 26.2% 
Table 3: Derivation of Daily Energy Loss from the Power-Flow/Loss Model 

Parameter Baseline Condition Coordinated SGT Condition 

System voltage 33 kV 33 kV 

Feeder length 120 km 120 km 

Base load 5.00 MVA 5.00 MVA 

Power factor 0.85 0.85 

Power-flow loss equation PL = ∑3Ii^2Ri PL.sgt = ∑3Ii^2.sgtRi 

Calculated active-power loss 226.32 kw [SGT power-flow result] kW 

Conversion to MW 226.32/1OOO = 0.22632 MW Pl.SGT/1000 MW 

Operating duration 24 h/day 24 h/day 

Daily energy-loss equation EL = PL * 24 EL.sgt = PL.sgt*24 

Daily energy-loss MWh/day 5.4317 MWh/day [calculated SGT value] MWh/day 

 

Thus, PL = 226.32 kW = 0.22632 MW. 

The   corresponding daily energy loss is EL = 0.22632*24 

EL = 5.43168 MWh/day. 

With reference to the 15,581.20 MWh/day, its mathematical origin would have to be : 

Pequivalent = 15,581.20/24 = 649.2167 MW 

Therefore, see below table for more explicit explanation: 
Table 4: Comparison of Reported and Reversed-Derived Power Loss Values 

Reported value Reversed-derived value 

15,581.20 MWh/day 649.22 MW average loss 

11,497.73 MWh/day 479.07 MW average loss 

Difference 170.15 MW 

Daily difference 4,083.47 MWh/day 

Percentage reduction 26.21% 

 

Economic Assessment of Energy-Loss Reduction 
The economic benefit of the coordinated Smart Grid Technology (SGT) intervention was 

evaluated by converting the reduction in daily technical energy losses into an equivalent monetary 

value. The assessment considers the energy-loss reduction obtained from the simulation, the assumed 

electricity tariff. An effective electricity energy value of #158.75/kWh using the assumed exchange 

rate of [1;USD = #1,321.68]. NERC’s MYTO methodology explicitly recognizes the #/US$ exchange 

rate as one of the pass-through variables affecting electricity tariffs. The daily energy saving is first 

converted from MWh to kWh: [4,083.47 MWh/day*1000] = 4,083,470 kWh/day. 

The corresponding annual energy saving is [E(annual) = 4,083,470*365] = 1,490,466,550 

MWh/year, as the annual monetary value of avoided energy losses.  

Annual energy loss savings: 1,490,466,550*0.1201129369 = $179,024,314.72/year. 

This can also be expressed in Nigerian currency: 1,490,466,550*#158.75 = #236.61 

billion/year.  

The study therefore established that coordinated smart-grid deployment provides a technically 

effective and economically viable approach for improving the reliability, voltage performance, and 

energy efficiency of the Bwari 33 kV distribution network. 
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APPENDIX 1 

% Network Parameters Definition 

function network = initialize_network() 

network.V_base = 33e3;          % Base voltage (V) 

network.S_base = 10e6;          % Base power (VA) 

network.freq = 50;              % Frequency (Hz) 

network.L_total = 120;          % Total length (km) 

network.n_sections = 6;         % Number of sections 

network.R_per_km = 0.195;       % Resistance (Ω/km) 

network.X_per_km = 0.35;        % Reactance (Ω/km) 

% Calculate section parameters 

network.R_section = network.R_per_km * (network.L_total/network.n_sections); 

network.X_section = network.X_per_km * (network.L_total/network.n_sections); 

network.Z_section = complex(network.R_section, network.X_section); 

return network; 

end 

APPENDIX 2 

function loads = distribute_loads(network, S_total, PF) 

% Distribute load equally among sections 

S_per_section = S_total / network.n_sections; 

P_per_section = S_per_section * PF; 

Q_per_section = S_per_section * sin(acos(PF)); 

loads.P = P_per_section * ones(1, network.n_sections); 

loads.Q = Q_per_section * ones(1, network.n_sections); 

loads.S = S_per_section * ones(1, network.n_sections); 

return loads; 

end 

APPENDIX 3 

function [V, I, P_loss, Q_loss] = power_flow(network, loads) 

% Initialize voltage at source 

V = network.V_base * ones(1, network.n_sections + 1); 

% Initialize arrays 

I_line = zeros(1, network.n_sections); 

P_loss = zeros(1, network.n_sections); 

https://doi.org/10.20998/2074-272X.2023.1.03
https://doi.org/10.1109/ACCESS.2023.3334607
https://doi.org/10.58578/mikailalsys.v2i3.3777
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Q_loss = zeros(1, network.n_sections); 

% Backward sweep: Calculate currents from load to source 

for i = network.n_sections:-1:1 

    % Sum of loads from this section to the end 

    S_accumulated = sum(loads.S(1:i)); 

    I_line(i) = S_accumulated / (sqrt(3) * abs(V(i))); 

    % Calculate section losses 

    P_loss(i) = 3 * I_line(i)^2 * network.R_section; 

    Q_loss(i) = 3 * I_line(i)^2 * network.X_section; 

end 

% Forward sweep: Calculate voltages from source to load 

for i = 1:network.n_sections 

    V(i+1) = V(i) - I_line(i) * network.Z_section; 

end 

return V, I_line, P_loss, Q_loss; 

end 

APPENDIX 4 

function [temp_rise, time_to_trip] = cb_thermal_model(I_load, I_rated, tau, T_amb) 

% Calculate temperature rise 

if I_load > I_rated 

    temp_rise = T_amb + (T_amb * ((I_load/I_rated)^2 - 1)); 

    % Calculate time to trip 

    time_to_trip = tau * log(I_load^2 / (I_load^2 - I_rated^2)); 

    % Cap unrealistic trip times 

    if time_to_trip > 86400  % > 24 hours 

        time_to_trip = 86400; 

    end 

else 

    temp_rise = T_amb; 

    time_to_trip = inf; 

end 

return temp_rise, time_to_trip; 

end 

APPENDIX 5 

function [dr_reduction, loss_reduction] = ami_model(load_pu, peak_threshold) 

% AMI enables demand response based on real-time pricing 

dr_reduction = 0; 

if load_pu > peak_threshold 

    % Demand response activation 

    dr_reduction = 0.15 * (load_pu - peak_threshold) / (2 - peak_threshold); 

    loss_reduction = 0.10;  % 10% loss reduction from improved monitoring 

else 

    loss_reduction = 0.05;  % 5% loss reduction from basic monitoring 

end 
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return dr_reduction, loss_reduction; 

end 

APPENDIX 6 

function [cb_capacity, loss_reduction] = apda_model(I_load, I_rated, T_amb) 

% Adaptive protection adjusts CB rating based on thermal conditions 

if T_amb < 35 

    cb_capacity = I_rated * 1.25;  % 25% temporary capacity increase 

    loss_reduction = 0.15; 

elseif T_amb < 45 

    cb_capacity = I_rated * 1.10; 

    loss_reduction = 0.10; 

else 

    cb_capacity = I_rated * 1.00; 

    loss_reduction = 0.05; 

end 

return cb_capacity, loss_reduction; 

end 

APPENDIX 7 

function [V_opt, PF_opt, loss_reduction] = vvo_model(V_actual, PF_actual, network) 

% Optimize voltage setpoints and reactive power 

V_target = 1.02 * network.V_base;  % Target voltage 

PF_target = 0.95;                  % Target power factor 

% Voltage correction 

if abs(V_actual) < 0.95 * network.V_base 

    V_opt = V_target; 

else 

    V_opt = V_actual; 

end 

% Power factor correction 

if PF_actual < PF_target 

    PF_opt = PF_target; 

    loss_reduction = 0.20;  % 20% loss reduction from VVO 

else 

    PF_opt = PF_actual; 

    loss_reduction = 0.10; 

end 

return V_opt, PF_opt, loss_reduction; 

end 

APPENDIX 8 

function [P_bess, SoC, loss_reduction] = bess_model(load_pu, SoC_initial, capacity) 

% BESS operation: charge during low demand, discharge during peak 

P_bess = 0; 

SoC = SoC_initial; 

if load_pu < 0.8 && SoC < 0.9 * capacity 



MINIMIZATION OF POWER LOSSES IN DISTRIBUTION NETWORKS THROUGH SMART GRID 

TECHNOLOGIES (SGT): A CASE STUDY OF BWARI 33 KV DISTRIBUTION NETWORK 

523 

    % Charging mode 

    P_bess = min(0.2 * capacity, (0.9 * capacity - SoC) / 0.5); 

    SoC = SoC + P_bess * 0.5; 

    loss_reduction = 0.05;  % Minimal loss reduction during charging 

elseif load_pu > 1.2 && SoC > 0.1 * capacity 

    % Discharging mode (peak shaving) 

    P_bess = min(0.3 * capacity, (SoC - 0.1 * capacity) / 0.5); 

    SoC = SoC - P_bess * 0.5; 

    loss_reduction = 0.22;  % 22% loss reduction from peak shaving 

else 

    loss_reduction = 0.10;  % Standby loss reduction 

end 

return P_bess, SoC, loss_reduction; 

end 


