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________________________________________________________________________  
Executive Summary 
Uninterruptible Power Supply (UPS) systems play a vital role in ensuring 
operational continuity in settings where power disruptions could result in 
substantial financial setbacks, data loss, or safety hazards. Although 
conventional UPS designs emphasize short-term backups, usually lasting 5 to 
15 minutes to allow time for generators to engage, the escalating 
requirements of edge computing, isolated facilities, and essential 
applications are extending these boundaries to runtimes surpassing 24 
hours. As critical infrastructure facilities face growing risks of sustained 
power outages, the demand for Uninterruptible Power Supply (UPS) systems 
capable of delivering extended runtimes—often exceeding 24 hours—
continues to rise. These systems, however, introduce a range of technical 
and economic challenges that surpass the scope of conventional UPS 
configurations.  
 
This white paper explores the complex design considerations involved in 
creating long-duration UPS solutions, including the scalability of energy 
storage, inverter charging limitations, thermal management, safety 
compliance, and return on investment (ROI). By leveraging industry 
knowledge, it demonstrates how these issues can be tackled with creative 
designs and cutting-edge technologies.  
 
Power Solutions, LLC, recognized as the premier supplier of long-runtime 
UPS solutions, demonstrates unparalleled skill in providing customized, 
vendor-neutral turn-key systems in sectors such as IT, manufacturing, and 
telecommunications. Power Solutions LLC addresses the challenges of 
extended runtimes by engineering integrated systems comprised of custom 
battery banks, dedicated charging systems, and properly sized inverter 
architectures. 
  

https://www.power-solutions.com/
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________________________________________________________________________ 
Introduction 
In today's digital evolution, the 
dependability of power systems is more 
crucial than ever. UPS systems act as the 
primary safeguard against outages, 
enabling smooth shifts to reserve power. 
Yet, as businesses venture into mission-
critical distant or peripheral sites, like 
edge data centers, hospitals, defense installations, and remote operations, 
the demand for UPS runtimes over 24 hours grows indispensable. Such 
durations support ongoing activities amid extended blackouts, pending grid 
recovery or local fixes. Traditional UPS models favor limited durations, 
typically synced with generator activation periods. Designing UPS systems for 
such extended runtimes is not merely a matter of scaling battery capacity. It 
requires a comprehensive re-engineering of system components and 
infrastructure. This includes overcoming constraints in battery size and 
weight, inverter charging limitations, space planning, heat dissipation, and 
compliance with stringent regulatory standards.  This document explores 
these hurdles, delivering guidance for engineers, site overseers, and 
policymakers. Power Solutions, LLC emerges as an innovator, utilizing 
alliances with more than 20 manufacturers to develop answers that confront 
these needs directly. 
 
________________________________________________________________________ 
The Demand for Extended Runtime UPS 
The movement toward prolonged UPS runtimes can be attributed to various 
influences. The spread of edge computing involves dispersed IT setups in 
secluded spots that frequently require independent power that can last 
hours or even days. Essential infrastructure in areas like healthcare, banking, 
and public services needs constant power to avert disastrous breakdowns, 
where even brief interruptions may result in millions of dollars in losses, or 
even risk lives.  Heightened emphasis on emergency readiness also enforces 
extended reserves for adherence and functional stability. Notwithstanding 
these necessities, most UPS configurations are tuned for quick surges, with 
durations figured at 80% battery level to factor in deterioration. Advancing 
past 24 hours intensifies core restrictions, demanding a reevaluation of 
fundamental elements. 

Designing UPS systems for 
extended runtimes is not 
merely a matter of scaling 
battery capacity.  It requires 
comprehensive re-engineering 
of system components and 
infrastructure. 
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________________________________________________________________________ 
Engineering Challenges 
Crafting UPS systems for 
exceptionally long runtimes 
entails diverse obstacles across 
fields like materials engineering, 
electrical design, and overall 
structure. 
 
Battery Technology and Capacity 
Batteries form the core of any 
UPS, yet expanding for 24-plus 
hours requires enormous capacity 
boosts, frequently entailing bigger arrays or sophisticated compositions such 
as lithium-ion instead of lead-acid. Batteries deteriorate gradually, shedding 
capacity from reactions, heat variations, and usage cycles.  For extended 
durations, configurations must feature anticipatory oversight to swap parts 
pre-failure, since decline might cut usable time by 20% or greater.  
 
As battery systems grow in scale, so too does the complexity of managing 
them. Large energy storage systems require advanced Battery Management 
Systems (BMS) to ensure proper cell balancing, monitor temperatures, and 
track lifecycle data. Poorly managed systems risk performance degradation 
and, in extreme cases, pose safety hazards. Effective BMS platforms are 
essential for scheduling maintenance, detecting faults, and maximizing 
service life. 
 
Battery Weight and Size Constraints 
Achieving 24 or more hours of runtime necessitates a significant increase in 
energy storage capacity. Traditional lead-acid batteries, while cost-effective, 
become increasingly impractical at scale due to their considerable weight 
and spatial demands. Although lithium-ion batteries offer a higher energy 
density and are more compact, they still require substantial thermal 
management and installation space. Many facilities lack the structural 
support or square footage to accommodate these systems without extensive 
and costly retrofitting. 
 

The Engineering Challenges of 
Extended Runtimes 
- Choosing the right battery technologies 
- Battery weight and size constraints 
- Thermal management 
- Efficiency and power loss 
- Inverter and charging limitations 
- System reliability and redundancy 
- Scalability and modularity 
- Regulatory and safety Compliance 
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Larger capacities lead to heftier arrangements, posing difficulties in confined 
spaces. Spread-out battery layouts can ease this by distributing burdens, 
albeit adding cable intricacies and possible weak spots. Extended releases 
hazard deep draining, hastening deterioration, so plans need refined charge 
regulators to avert excess depletion while embedding rapid recharging for 
green sources. 
 
Thermal Management 
High-capacity UPS systems generate considerable heat, particularly when 
operating continuously for long durations. Effective thermal management—
including upgraded HVAC systems, active cooling mechanisms, and thermal 
monitoring—is essential to maintain performance and prevent overheating. 
Lithium-ion chemistries, while efficient, are especially susceptible to thermal 
runaway if not adequately cooled, necessitating even stricter control 
measures. 
 
Efficiency and Power Losses 
Performance wanes as duration lengthens, with transformation deficits (AC-
DC-AC) accumulating over time. Potent designs should curb exchange 
deficits, commonly via silicon carbide (SiC) elements for superior output. 
Compressing greater capacity into tinier areas heightens concentration but 
worsens deficits and warmth. Surge flows from gear initiations mandate 
oversized parts, diminishing total performance. Refining for over 95% 
performance is key to prolong feasible duration without drastic cost hikes. 
 
Inverter and Charging Limitations 
One of the most overlooked limitations in long-duration UPS systems lies in 
the charging capacity of inverters. Commercial UPS inverters are typically 
optimized for short-duration support and often feature restricted charging 
current capabilities. As battery banks scale, insufficient charging capacity can 
lead to excessively long recharge cycles—sometimes longer than the runtime 
itself. This delay undermines system readiness and increases vulnerability to 
subsequent outages. Overcoming this bottleneck requires the incorporation 
of independent, purpose-built battery chargers capable of replenishing 
energy reserves efficiently and reliably. 
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System Reliability and Redundancy 
Prolonged durations raise the risks for malfunctions, where one flaw might 
trigger widespread halts. Ventilators, condensers, and incorporated 
generators rank as frequent vulnerabilities. Backup plans (like N+1) bolster 
toughness but boost expenses. Neglect in care, such as omitting cell checks, 
persists as a primary malfunction trigger. Merging with generators or greens 
demands exact rate syncing to prevent falls. Segmented structures enable 
component swaps without downtime, boosting availability. 
 
Scalability and Modularity 
Expanding for 24-plus hours typically involves segmented growths, yet this 
brings alignment problems among parts. Preparing for expansion requires 
adaptable layouts, such as scattered versus unified cells, with the prior 
providing superior error separation. 
 
Regulatory and Safety Compliance 
Extended-runtime UPS systems are subject to rigorous regulatory scrutiny. 
Fire codes such as NFPA 855 and standards such as UL 9540 and UL 9540A 
impose strict requirements on energy storage system design, particularly 
regarding fire suppression, spacing, ventilation, and containment. In many 
jurisdictions, energy storage capacities are capped or subject to complex 
permitting procedures. Compliance with these evolving standards is non-
negotiable and must be incorporated into the system design from the outset. 
 
________________________________________________________________________ 
Economic Considerations 
Designing UPS systems for 24+ hour performance entails a substantial 
financial commitment. The cost of batteries increases disproportionately 
with longer runtimes, and additional infrastructure such as cooling systems, 
dedicated chargers, and safety mechanisms further inflate capital 
expenditures. Moreover, operational costs—including routine maintenance 
and periodic battery replacement—can be significant. While these 
investments may be justifiable for facilities with zero-tolerance for downtime, 
battery-only systems often yield a lower ROI compared to generator-based or 
hybrid alternatives unless uptime is of paramount importance. 
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________________________________________________________________________ 
Innovative Solutions 
Surmounting these hurdles 
necessitates avant-garde methods, 
including sophisticated cell systems 
with lithium-ion for dense, enduring 
arrangements. Mixed mergers blend 
UPS with solar for unlimited duration in isolated cases. AI-based oversight 
employs foresighted data to forestall breakdowns and refine energy 
application.  
 
Batteries Versus Fuel-Based Systems  
While battery systems offer the advantages of silent operation, rapid 
response, and minimal emissions, they are not always the most practical 
solution for prolonged power supply. Alternatives such as diesel or natural 
gas generators, hydrogen fuel cells, and hybrid microgrid systems can often 
provide sustained power more economically and with greater scalability. 
Each facility must weigh its environmental priorities, performance 
requirements, and budgetary constraints when selecting a long-duration 
power solution. 
 
Hybrid and Alternative Approaches  
To address the limitations of purely battery-based UPS systems, many 
organizations are turning to hybrid configurations. Common strategies 
include: 

• UPS + Generator Integration: Batteries handle the instantaneous 
switchover, while generators sustain longer runtimes. 

• Battery + Fuel Cell Systems: Combine zero-emission operation with 
extended backup capabilities. 

• Modular Energy Storage: Containerized battery units that are scalable 
and swappable. 

• Microgrid Configurations: Systems that integrate renewable energy 
sources, energy storage, and backup generation for autonomous 
power delivery. 

 
These hybrid models allow for greater flexibility and resilience, particularly in 
environments where continuous operation is non-negotiable. 
 

Innovative Solutions for  
Long-Duration Runtime 
- Fuel-Based Systems 
- Hybrid and Alternative Options 
- Custom Engineered Solutions 
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________________________________________________________________________ 
Custom Engineered Solutions by Power Solutions, LLC  
Power Solutions LLC offers specialized engineering services for organizations 
requiring UPS runtimes of 24 hours or more. Our holistic approach to system 
design ensures that each solution is tailored to the client’s specific 
operational and regulatory environment. Key components of our design 
methodology include: 

• Battery Bank Sizing: Custom sizing based on load analysis and priority 
circuit identification. 

• Dedicated Battery Chargers: High-capacity chargers designed to 
operate independently of the inverter system, ensuring rapid battery 
recovery after discharge. 

• Properly Matched Inverters: Systems sized to balance both runtime 
and recharge demands, serving both critical and ancillary loads. 

• Thermal and Structural Planning: Full consideration of cooling needs, 
spatial constraints, and building load-bearing capacities. 

• Regulatory Guidance: Support in navigating permitting processes and 
meeting compliance with local authorities having jurisdiction (AHJs). 

• Lifecycle Support: Monitoring, predictive maintenance, and system 
diagnostics to ensure long-term reliability and performance. 

 
By integrating all key system elements—battery banks, chargers, and 
inverters—into a unified design, Power Solutions LLC delivers UPS solutions 
that are both robust and compliant. 
 
________________________________________________________________________ 
Conclusion  
UPS systems capable of supporting 24+ hour runtimes are not only feasible 
but increasingly necessary in today’s risk-prone energy landscape. However, 
their successful deployment depends on meticulous engineering and 
strategic planning. Challenges related to battery scalability, inverter 
limitations, heat management, and code compliance must all be addressed 
to ensure safe, effective, and sustainable power continuity. 
 
Through its experience and expertise, Power Solutions LLC provides 
comprehensive solutions that overcome these obstacles. Our integrated 
system designs ensure that critical facilities can maintain uninterrupted 
operations, even in the face of prolonged outages. For organizations where 

https://www.power-solutions.com/engineering-for-critical-power-and-cooling/
https://www.power-solutions.com/ups/custom-configured-outdoor-ups-systems/
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downtime is not an option, we offer the infrastructure, knowledge, and 
service necessary to make long-duration UPS performance a reality. 
 
________________________________________________________________________ 
 
Power Solutions LLC is a national vendor-agnostic solutions provider of 
power products and services for IT, manufacturing facilities, and 
telecommunications applications. As a value-added reseller for more than 20 
different manufacturers, we help you configure the best solution for your 
specific application. With access to such a wide range of power products and 
services for both AC and DC applications, we offer customized turn-key 
solutions that simplify project execution and procurement with a single point 
of contact. Think of us as an extension of your IT and facilities departments 
ready to help you solve any type of power problem or complete a new power 
project.  When you need help with your power infrastructure, call us 
first.  Whether it’s your switchgear, data center, cooling, a remote closet, a DC 
site, or a battery replacement, we’re ready to help. Visit our website or 
contact us sales@power-solutions.com or call 800-876-9373. 
 
Power Solutions | PO Box 100 | Barrington | RI | 02806 

https://www.power-solutions.com/
mailto:sales@power-solutions.com

