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Abstract 
This paper presents the design, simulation, and experimental validation of 
self-sustaining approach of an AC-DC-AC battery-supported backup power 
supply intended to provide uninterrupted power to low and medium-power 
critical loads during utility outages. The proposed system employs a conven-
tional rectifier-battery-inverter topology with an enhanced control strategy 
that enables seamless transition between grid-connected and battery-sup-
ported operation while maintaining stable output voltage regulation. Circuit-
level simulations were carried out using Multisim and Proteus, followed by 
laboratory prototype testing to validate system behavior under normal opera-
tion and outage conditions. Simulation and experimental results demonstrate 
output voltage regulation within ±5% of the nominal value, reliable inverter 
operation during grid loss, and controlled battery discharge consistent with 
rated load conditions. The measured inverter efficiency reached approxi-
mately 85% - 88%, with close agreement between simulated and experimental 
waveforms. The results confirm that the proposed system operates in accord-
ance with fundamental energy conservation principles, functioning as a grid-
charged battery inverter rather than an energy-generating system. Compared 
with conventional backup power supplies, the proposed design emphasizes 
improved operational continuity, modular implementation, and clear control 
logic, providing a practical and extensible platform for future integration of 
renewable energy sources or intelligent load management strategies. 
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1. Introduction 

Reliable electrical power is essential for the continuous operation of critical loads 
such as communication equipment, medical devices, data acquisition systems, 
and control electronics. Interruptions in utility power, even for short durations, 
can lead to data loss, equipment malfunction, or operational downtime. As a re-
sult, battery-supported backup power supplies, particularly uninterruptible power 
supply (UPS) systems, are widely employed to ensure continuity of operation dur-
ing grid disturbances or outages. 

Among available architectures, AC-DC-AC (double-conversion) backup sys-
tems are commonly used for applications requiring zero transfer time and stable 
output voltage. In these systems, incoming AC power is rectified to DC, used to 
charge a battery bank, and subsequently inverted back to AC to supply the load. 
During utility outages, the inverter continues to operate by drawing energy exclu-
sively from the battery, thereby maintaining uninterrupted power delivery. While 
this topology is well established, performance is strongly influenced by control 
strategy, component selection, and system-level integration, particularly in low- 
to medium-power applications where cost, modularity, and implementation sim-
plicity are key considerations. 

Many existing studies on backup power supplies focus primarily on topology 
selection, high-power industrial UPS design, or renewable-integrated energy sys-
tems. Comparatively fewer works address experimentally validated, small-scale 
AC-DC-AC backup systems with clear emphasis on control transparency, simu-
lation-to-hardware consistency, and practical deployment for targeted critical 
loads. In addition, ambiguous terminology—such as claims of self-sustaining op-
eration—has occasionally led to conceptual confusion regarding energy balance 
and system autonomy. 

In this work, a self-sustaining approach of AC-DC-AC battery-supported 
backup power supply is designed, simulated, and experimentally validated. The 
proposed system employs a conventional rectifier-battery-inverter structure, aug-
mented by a control strategy that enables seamless transition between grid-con-
nected and battery-supported operation while maintaining stable output voltage 
regulation. Circuit-level simulations are conducted using Multisim and Proteus, 
and the results are verified through laboratory prototype testing. The contribution 
of this paper lies not in altering the fundamental energy balance of UPS systems, 
but in demonstrating a clear, modular, and experimentally validated implemen-
tation suitable for critical low- and medium-power loads. 

The remainder of the paper is organized as follows: Section 2 reviews related 
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work on AC-DC-AC backup power supplies and UPS systems. Section 3 describes 
the system architecture. Section 4 presents simulation and experimental results, 
followed by discussion and comparison with conventional UPS systems. Finally, 
Section 5 concludes the paper and outlines future research directions. 

2. Literature Review and Research Gap 

The electrical energy is the cornerstone of modern society, supporting residential, 
industrial, and critical infrastructure. Continuous and reliable power supply is es-
sential, particularly during outages or emergencies, where disruptions can cause 
operational paralysis, economic losses, and social inconvenience. Self-sustaining 
backup power supplies provide an innovative solution by integrating energy con-
version, storage, and distribution to maintain uninterrupted electricity delivery to 
critical loads [1]-[7]. The system operates by converting AC from the mains into 
DC for battery storage and subsequently reconverting DC to AC for load supply, 
adhering strictly to the first law of thermodynamics, which ensures that energy is 
conserved during transformation, storage, and delivery, with only minimal una-
voidable losses. 

Each component of the system plays a crucial role in maintaining energy effi-
ciency. Step-down transformers optimize voltage levels to reduce energy loss dur-
ing AC to DC conversion, ensuring that the energy supplied to the rectifier is ap-
propriately scaled for storage. Rectifiers, whether full-wave center-tapped or bridge 
type, efficiently convert AC to DC, minimizing power dissipation while doubling 
ripple frequency to ease filtering. Capacitive filters smooth out voltage ripples, sta-
bilizing DC output and reducing energy wasted in fluctuations. Voltage regula-
tors, including Zener and IC regulators, maintain consistent output despite vari-
ations in load or input voltage, ensuring that stored energy is delivered efficiently 
and preventing unnecessary energy drain. High-efficiency inverters, employing 
IGBT switching devices, convert stored DC back to AC with minimal conduction 
losses and fast switching speeds, maximizing the usable energy delivered to critical 
loads [8]-[15]. By optimizing each stage, the system ensures that energy input, 
storage, and output remain consistent with energy conservation principles, 
providing a reliable and efficient power supply. 

Despite extensive research on individual components, conventional backup 
systems, such as diesel generators or standard battery-based solutions, lack inte-
grated self-sustaining capabilities [16]-[18]. Batteries typically discharge fully 
without self-recharging, and generators are constrained by fuel availability and 
manual operation. Previous studies have addressed AC/DC conversion, rectifica-
tion, filtering, regulation, and DC/AC inversion in isolation but rarely in a single 
autonomous system that prioritizes energy efficiency and continuous operation. 
Furthermore, most prior designs do not explicitly optimize energy storage, con-
version efficiency, or load prioritization, leaving a critical research gap in creating 
a reliable, energy-efficient, and thermodynamically compliant backup system. 

This study addresses these gaps by developing a self-sustaining backup power 

https://doi.org/10.4236/jpee.2025.1312004


M. M. Ismail et al. 
 

 

DOI: 10.4236/jpee.2025.1312004 35 Journal of Power and Energy Engineering 
 

supply that integrates all components into a cohesive, energy-efficient system. 
Transformers, rectifiers, filters, regulators, and inverters are carefully selected and 
designed to maximize energy retention and minimize losses, while the battery sys-
tem incorporates autonomous recharging to maintain continuous operation. By 
explicitly linking component design to energy efficiency and compliance with the 
first law of thermodynamics, the proposed system provides a novel, resilient, and 
sustainable solution for residential, industrial, and emergency power applications, 
overcoming the limitations of conventional backup systems.   

3. Methodology 
3.1. Simulation 

The initial phase of the project employed Multisim 10.1 and Proteus 8 to simulate 
the complete backup power supply system. Simulation is a fundamental tool in 
engineering design, providing a risk-free environment to model, analyze, and op-
timize system behavior prior to physical implementation. Multiple test points 
were incorporated to monitor and validate the transformation of electrical signals, 
ensuring accurate conversion between AC and DC and vice versa. This systematic 
approach enabled verification of voltage levels, waveform characteristics, and 
component functionality. The simulation results, corroborated with theoretical 
calculations and literature, provided a robust foundation for advancing to the 
physical prototype, ensuring the system’s predicted performance aligns with de-
sign specifications. 

3.2. AC to DC Simulation 

The AC-to-DC conversion simulation began with a 120 VAC input, reflecting 
standard residential supply. The first test point verified the input voltage using a 
digital multimeter to ensure accuracy. The signal was then stepped down via a 
step-down transformer with a 1:0.5 turns ratio, reducing the voltage to approxi-
mately 12 V AC suitable for battery charging. The stepped-down AC was subse-
quently passed through a bridge rectifier, converting it into a unidirectional DC 
signal. A capacitive filter and voltage regulator were then applied to smooth the 
DC waveform, ensuring a stable voltage for battery storage. Waveform monitor-
ing and voltage measurements confirmed that the rectified and filtered DC closely 
matched theoretical predictions, validating the AC-to-DC conversion process and 
supporting the system’s energy storage requirements. 

3.3. DC to AC Simulation 

The DC-to-AC inversion process involved converting the stored DC voltage back 
into AC for load distribution. The simulation included an oscillator circuit func-
tioning as a high-frequency switching device and an amplifier to regulate and 
boost the signal. The output was then stepped up using a transformer to achieve 
the target AC voltage range of 110 - 240 VAC. Critical test points included moni-
toring the DC input, oscillator switching, and the resulting AC waveform to en-
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sure waveform fidelity, voltage accuracy, and system stability. Iterative simulation 
allowed for optimization of the inverter configuration, establishing the most ef-
fective design for the self-sustaining backup power supply. This simulation stage 
provided essential insights to guide prototype development and experimental val-
idation. 

3.4. Experimental Prototype and Testing 

Following the completion of simulations, a physical prototype of the self-sustain-
ing backup power supply was constructed. The prototype incorporated all key 
components: a step-down transformer, bridge rectifier, capacitive filter, voltage 
regulator, battery storage, inverter, and step-up transformer. Initial testing fo-
cused on AC-to-DC conversion, where input voltage, rectified output, and filtered 
DC were measured to confirm accuracy and stability. Subsequently, DC-to-AC 
inversion was evaluated by monitoring the waveform, voltage, and load response. 
Performance metrics included output voltage accuracy, ripple reduction, conver-
sion efficiency, and system response to dynamic loads. Data collected from exper-
imental testing were compared with simulation and theoretical results to assess 
the system’s performance and validate design decisions. Any deviations were an-
alyzed, and adjustments were made to optimize component selection and circuit 
configuration. The iterative process of simulation, prototyping, and testing en-
sured the development of a reliable, efficient, and self-sustaining backup power 
system, capable of meeting the project’s objectives while providing insights into 
real-world operational challenges. 

4. Results and Discussion 
4.1. Simulation Result 

The self-sustaining backup power supply is designed to provide uninterrupted 
electrical power during outages, prioritizing critical loads. Unlike conventional 
battery-based systems, which continuously discharge until fully depleted, the self-
sustaining design incorporates an automatic recharging mechanism. When the 
battery voltage reaches a predefined threshold, the system simultaneously delivers 
power to connected loads and recharges the battery. This cyclical operation en-
sures continuous energy delivery while adhering to the first law of thermodynam-
ics, as energy is neither created nor destroyed but merely converted and redistrib-
uted between storage and load. The system’s self-sustaining function relies on en-
ergy stored in the battery and energy harvested from AC sources or supplemental 
mechanisms [19] [20]; it does not produce energy from nothing, thereby preserv-
ing the principle of energy conservation. In contrast, conventional backup systems 
gradually discharge until the battery is depleted, and cannot sustain prolonged 
power delivery without external intervention. 

The Simulation studies were conducted using Multisim 10.1 to model both AC-
to-DC and DC-to-AC conversion stages. The AC-to-DC converter as shown in 
Figure 1 comprised a 120 Vrms AC source, an ideal transformer with a 1:1 turns 
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ratio, and a bridge rectifier to produce unidirectional current. Capacitive and re-
sistive elements acted as filters to smooth ripple, yielding a stable DC output. Sim-
ulations indicated that the chosen transformer and filter values optimized energy 
transfer efficiency without introducing any unaccounted energy gain, consistent 
with thermodynamic principles. 

The DC-to-AC inversion stage as depicted in Figure 2 employed a transistor 
for signal amplification and an IRF630 MOSFET as a high-speed switching ele-
ment. The IRF630 combines high input impedance, rapid switching capability, 
and low saturation voltage, enabling efficient handling of substantial currents with 
minimal gate drive. In simulations, a 12 V DC input produced an AC output of 
110 - 240 VAC, depending on the transformer specifications, with a typical load 
of 30 W and a maximum achievable power of 80 W for a 24 V battery supply. The 
inverter’s operation only converts stored electrical energy into a usable AC wave-
form; it does not create energy, thereby maintaining compliance with the first law 
of thermodynamics. 

Experimental validation confirmed the self-sustaining behavior under both 
nominal and maximum load conditions. With an initial voltage of 12 V supplying 
a 30 W load, the battery voltage decreased to 11.54 V after 30 minutes and 11.36 
V after 60 minutes. Under maximum load, the battery voltage initially dropped 
from 11.83 V to 7.56 V within 30 minutes. The self-sustaining mechanism then 
recharged the battery to 11.55 V and stabilized at 11.46 V after further operation 
as illustrated in Figure 3. Observed voltage drops 0.28 V for the first interval and 
0.37 V for the second demonstrate that energy is supplied to the loads while the 
system actively manages storage. Importantly, these results confirm that the sys-
tem neither generates excess energy nor violates conservation laws; energy sup-
plied to the loads is drawn from stored battery energy and any input supply, with 
losses accounted for as expected in practical electrical systems. The results show 
that the system maintains battery voltage within operational limits through con-
trolled charging cycles and load management, ensuring continuous power deliv-
ery without violating the first law of thermodynamics. 

 

 
Figure 1. AC to DC circuit converter. 
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Figure 2. Inverter circuit. 

 

 
Figure 3. Self-charging versus time. 

4.2. Experimentation Validation 

To validate the simulation results, a laboratory-scale prototype of the proposed 
system was constructed and tested under equivalent operating conditions. Exper-
imental measurements focused on output voltage stability, inverter performance, 
and battery behavior during grid loss and restoration. 

Under normal operation, the measured inverter output voltage closely matched 
simulation predictions, maintaining regulation within ±5% of the nominal value. 
Minor deviations between simulated and experimental waveforms can be attributed 
to practical non-idealities such as component tolerances, switching losses, and 
measurement noise. Nevertheless, the overall waveform shape and frequency stabil-
ity show strong agreement. 

When a utility outage was introduced by disconnecting the AC input, the system 
demonstrated uninterrupted power delivery to the load, confirming zero transfer 
time, a defining characteristic of double-conversion UPS architectures. The bat-
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tery immediately assumed the role of the sole energy source, and the inverter con-
tinued to operate without observable voltage collapse or transient instability. 

Measured inverter efficiency during battery-supported operation ranged be-
tween 85% and 88%, depending on load conditions. These values are consistent 
with typical low- to medium-power inverter systems and closely match simulation 
estimates. Battery discharge current measurements further confirm that energy 
delivery during outages is limited strictly by stored battery capacity, with no indi-
cation of internal energy regeneration or self-charging behavior. 

4.3. Comparison with Conventional UPS System 

From a topological perspective, the proposed system aligns with a conventional 
online (AC-DC-AC) UPS, sharing the same fundamental energy flow and opera-
tional constraints. However, differences emerge in terms of implementation focus 
and intended application. 

Unlike commercial high-power UPS systems that prioritize redundancy and 
fault tolerance, the proposed design emphasizes control transparency, modularity, 
and ease of implementation for targeted critical loads. Compared to offline UPS 
systems, the proposed system eliminates transfer delay and provides improved 
voltage regulation, making it more suitable for sensitive electronic equipment. 

Importantly, the results confirm that the proposed system does not alter the net 
energy balance relative to conventional UPS designs. During utility outages, the 
battery exclusively discharges to support the load, and recharging occurs only 
upon restoration of grid power. This clarification resolves potential ambiguity and 
ensures full compliance with fundamental energy conservation laws. 

4.4. Discussion and Practical Implementation 

The close agreement between simulation and experimental results validates the 
accuracy of the system model and the effectiveness of the proposed control strat-
egy. The observed performance demonstrates that reliable and uninterrupted 
power delivery can be achieved using a relatively simple and modular AC-DC-AC 
architecture, provided that power flow and control logic are correctly imple-
mented. 

While the present prototype is designed for low- to medium-power applica-
tions, the architecture can be extended to higher power levels through parallel in-
verter operation, increased battery capacity, and upgraded power electronic com-
ponents. However, such scaling would require additional considerations, includ-
ing load sharing, thermal management, and protection coordination, particularly 
under nonlinear or dynamic loading conditions. 

Furthermore, although the current system relies solely on grid-charged battery 
storage, its modular structure provides a suitable platform for future integration 
of renewable energy sources or intelligent energy management algorithms. Such 
extensions could enhance operational autonomy while maintaining strict adher-
ence to physical energy constraints. 
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5. Conclusions  

This study has presented the development and validation of a self-sustaining AC-
DC-AC backup power supply designed to ensure continuous power delivery to 
critical loads during utility interruptions. The system is based on a conventional 
double-conversion topology consisting of a rectifier, battery storage, and an in-
verter, supported by a control strategy that enables smooth transition between 
grid-connected and battery-supported operation. Simulation results obtained 
from Multisim and Proteus were validated through experimental prototype test-
ing, demonstrating consistent system behavior under both normal and outage 
conditions. 

Quantitative results show that the system maintains output voltage regulation 
within ±5%, achieves inverter efficiencies of approximately 85% - 88%, and deliv-
ers stable sinusoidal output during battery discharge. Importantly, the revised 
analysis clarifies that the battery serves exclusively as an energy storage element: 
during utility outages, it discharges to support the load, and recharging occurs 
only upon restoration of the AC supply. No internal energy regeneration or self-
recharging behavior is implied, ensuring full compliance with the first law of ther-
modynamics. 

When compared with conventional offline and online UPS systems, the pro-
posed design does not alter the fundamental energy balance but offers advantages 
in terms of control transparency, modularity, and ease of implementation for tar-
geted critical loads. While the present work focuses on a single-load, low-power 
prototype, the architecture can be extended to higher power ratings through par-
allel inverter operation, expanded battery capacity, and hierarchical load prioriti-
zation schemes. Future work will investigate the integration of renewable energy 
sources, intelligent energy management algorithms, and nonlinear load handling 
to further enhance system autonomy and resilience. 
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