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Abstract

The global uninterruptible power supply forecast market is estimated at nearly USD
4.04 billion in 2024 owing to the growth in demand at data centers and other crucial sectors.
Despite the great deal of information available in battery research, most of the literature on
uninterruptible power supply does not consider the variability (temperature, depth of discharge,
duty cycle) and mode of operation (grid-interactive vs. Standalone) performance during other
operational modes. This review overcomes these deficiencies by providing three contributions:
(1) variability in uninterruptible power supply specific quantitative performance metrics; (2) a
growth map predicting the adoption of various battery chemistries in UPS on a short, medium,
and long-term basis; (3) a sustainability assessment through the lens of primary materials,
recyclability, and costs from the life cycle. Representative outcomes include: low-cost standby
solutions from VRLA batteries, but limited cycle life (500-1,500 cycles); continuous UPS
applications are dominated by LFP and LTO chemistries, which have a high tolerance to deep
cycles; Li-S batteries have a high energy density (350-600 Wh/kg), but poor cycle life
(<1,000); flow batteries have limited energy power density, but excel in longevity (>10,000
cycles) and are still too bulky for compact uninterruptible power supply systems. These
conclusions provide a reasonable assessment of the cross technology trade-offs and the
underlying research gaps to derive a pathway towards next generation reliable UPS batteries.
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1. Introduction

Uninterruptible Power Supply (UPS) systems are critical components for providing
lasting and reliable power to crucial industries, such as hospitals, data centers, manufacturing,
and communications. Increased reliance on digital services, cloud computing and artificial
intelligence has caused a greater demand for continuous power during times when grid
instabilities, renewable energy intermittency, and cyber-security threats are also on the rise [1].

A UPS can keep sensitive equipment and systems operating normally and without
interruption during a power disruption by supply uninterrupted power, even with varying loads
of HVAC cooling. Therefore, when utilizing UPS battery systems that can operate 24/7 and
are modular, distributed and scalable, systems are highly reliable, and maintenance is reduced.
While sealed lead-acid and nickel-based batteries were once more reliable and affordable than
alternative technologies, their inherent limitations in energy density, efficiency and
environmental impact accelerated the shift toward newer chemistries. By 2020-2025,
transformative materials such as silicon-doped graphite anode, solid-state electrolyte, lithium
sulfur cathode, lithium-ion/super capacitor hybrid, etc. have changed UPS technology for
batteries by deeply enhancing energy densities, cycle-life, charge rates, temperature
mismatches, and environmental issues. The lithium-ions available (Lithium Nickel Manganese
Cobalt Oxide -NCM, Lithium Iron Phosphate -LFP, Lithium Titanate -LTO and Lithium
Manganese Oxide- LMO) are currently significant players in all UPS markets. At the same
time, exploring the risks associated with critical raw materials, like cobalt and nickel-based
chemistries has increased demand for more environmentally friendly alternatives - think
sodium-ion, magnesium-ion and even zinc-air batteries. Even though sodium-ion, zinc-air, and
magnesium-ion batteries are still in development and are not yet ready for use in today’s UPS
systems, they are clearly promising candidates for future UPS systems.

Different from electric vehicle and grid/battery storage batteries, UPS batteries require
ultra-fast response implementation, exceptional reliability, minimal maintenance and
modularity which are generally undocumented user needs in the battery field. To the best of
our knowledge, most reviews overlook reporting how battery performance is relative to the
mode by which UPS systems operate (standby, continuous, or grid-tied). Furthermore, we are
not aware of any reviews that report the availability of the raw materials used in these batteries,
or the life-cycle environmental impacts that are critically important for the deployment of UPS
systems [2]. In this review we address all of these issues and specifically (i) identifying UPS-
related sources of variability of operation; (ii) comparing legacy, commercial and emergent
chemistries in a stringent UPS context (iii) quantifying sustainability and supply-chain related
vulnerability (iv) aggregating a techno economic roadmap for a prioritized UPS
implementation.

This paper is organized as follows. Section 2 gives the problem statement and research
gap, section 3 addresses the methodology, section 4 provides a classification of UPS battery
technologies. Section 5 looks at the impact of variability-temperature, depth of discharge
(DOD), and duty modes. Section 6 provides a comparison of grid-interactive and standalone
UPS arrangements. Section 7 checks availability of resources, ethical issues, and recyclability
of UPS battery technologies. Section 8 covers updates to battery management systems and
section 9 will tackle challenges on deploying in real-world scenarios. Section 10 gives a UPS
battery roadmap, while section 11 provides suggested future directions.
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2. Problem Statement and Research Gap

Even though significant strides have been made in improving cycle life and energy
density, there have been great advances in cycle life, energy density, and costs; there are still
significant gaps in UPS specific research:

Variability in Reality: Comparative studies do exist, but do not cover much of the
variability in ambient temperature or the scope that cycling duties may impose on
battery life and capacity.

Grid-interactive vs Emergency Only Backup: Different cycling profiles, different
expectations of reliability, and size differences between grid-interactive UPS and
emergency only backup UPS are often missing system-wide assessments.

Sustainability and Recyclability of Raw Materials: Discussions on recyclability,
criticality of raw materials, and the environmental impact of UPS batteries have been
infrequently addressed.

Long-term Maintenance Schedules and Advanced BMS Implications: Very few
take into consideration the long-term maintenance schedules or investigate reliability,
and the effect on potential costs of advanced battery management systems (BMS).

This review intends to help resolve these gaps by providing a comparative assessment
based on application, alongside a detailed technology roadmap for UPS batteries, which brings
together these important considerations and costs: notable gaps remain in UPS-specific studies

3. Methodology

Using the Scopus, Web of Science, and IEEE Xplore databases, a systematic review
was carried out over 2020-2025 with relevant search tags "UPS battery,” "cycle life,” "thermal
management,” "raw material sustainability” "recyclability" and "battery management system."
The initial search provided 550 (Scopus), 420 (Web of Science), and 315 (IEEE Xplore)
records. The records were filtered based on inclusion criteria that emphasized peer-reviewed
studies with primary data or meta-analysis data that are most pertinent to stand-alone or high-
reliability stationary applications similar to UPS. Based on this, non-stationary applications,
such as EV fast-charging, were disqualified. If deemed applicable the analysis included
parameters such as energy/power density, cycle life based on real-duty cycle, response time,
thermal stability, cost, safety, maintenance, environmental footprint, and supply chain risk
frameworks.

4. Classification of UPS Battery Technologies

There are four main types of battery systems for UPS: obsolete, commercial, prototype
and research phase. Older zinc carbon and nickel based batteries are considered obsolete due
to compatibility performance issues or environmental concerns. In the commercial category,
about 99% of batteries used in UPS systems are various forms of Valve-Regulated Lead Acid
(VRLA) batteries or lithium-ion based batteries which provide an excellent cost, safety and
performance ratio. As lithium-ion batteries overtake older technologies, new prototypes using
solid-state, lithium-sulfur, and sodium-ion are under development as viable responses to a few
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major challenges related to safety, stability, and energy density. One of these new prototypes
is expected to achieve commercialization. For example, other research-phase chemistries like
zinc—bromine and vanadium redox flow batteries being developed have potential applications
for long-duration storage but do not fit well in small-footprint UPS systems.

4.1 Legacy and Commercial Chemistries

Table 1 provides an overview of the general characteristics of widely adopted legacy
and commercial UPS battery chemistries, highlighting key performance metrics such as energy
density, cycle life, modularity, efficiency, cost, and safety. This information emphasizes critical
trade-offs among sustainability factors that are important for evaluating UPS battery
performance, reliability, and suitability across different UPS applications.

Table 1. UPS-Relevant Comparison: Key Characteristics of Legacy and Commercial
UPS Battery Chemistries

Parameter | VRLA | NMC Li-ion | LFP Li-ion | =10 - Relevance to UPS
ion Operational Features
Impacts modularity and
Energy ~150-220 footprint: - critical for any
Density 30-50 90-160 [3] 80-120 '
[3] UPS deployment
(Wh/kg) .
constrained for space.
10.000- Directly affects maintenance
Cycle Life 1000-2000 | 2000-5000 ' cycles, assurance/reliability
500-1500 20,000
(cycles) [3] [3] 4] of system, and total cost of
ownership.
Affects energy waste and
Efficiency 70-80 90-95 90-05 505 operating costs — important
(%) consideration for UPS loads
with continuous operation.
Impacts the environmental
Operating | 51671 | —20t055 | —20t060 | 401055 | 2Pility to setoperating
Temp (°C) parameters and address
cooling/heating issues.
Important for footprint
during scaling of
Cost Low[5] | Medium [6] Low[6] Low [7] | deployment and ROI
targeting for different UPS
market segments.
Critical for mission-critical
UPS system where
Safety Medium Medium High High operational survivability
during a failure is
mandatory.
Y| toHigh | (Co/Ni) Low 4, COMPRIANCe,
recycling plan.
Response | Moderate Allows recovery and
Time [8] Fast [9] Fast [10] Fast [11] conditioning of UPS, as
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well as stabilization during
grid disturbances quickly.

Modularity

Allows UPS configurations
Limited Good Excellent | Excellent | to expand and can be easily
serviced and upgraded.

The key takeaways from Table 1 are summarized below:

NMC Lithium-lon: They have an energy density of 150 - 220 Wh/kg providing
UPS compactness, however, cobalt-based supply and cost issues, toxicity concerns,
and some thermal stability issues hinder their overall adoption.

LFP Lithium-lon: They are stable in thermal degradation, have no cobalt
components, possess a long cycle life, with a less than 5% failure rate, and overall
safety in general. Their reliability has started to make them more favorable than
NMC systems in critical UPS applications where performance is more desirable
than system size.

LTO Lithium-lon: They provide utmost safety with an ultra-long cycle life and
additional advantages; however, the energy density is low at recycle time’s
property, following 80 - 120 Wh/kg. This also means they are larger, very
expensive, and thus appropriate for high-reliability unique UPS systems.

In terms of cost, VRLA technology is still the cheapest for use in standby systems, even
with the short operational life and toxicity issues. In continuous and grid interactive UPS, the
wide temperature and deep discharge tolerance of the LFP and LTO chemistries make them
stand out. The NMC offers high energy density, but the associated cobalt supply risks and
thermal safety issues make it less appealing for mission-critical UPS systems.

4.2 Prototype, Emerging and R&D Chemistries

A summary of various definitions of prototype, emerging, and R&D UPS battery
chemistries is provided in Table 2, outlining their design principles, performance potential,
technical challenges, and expected benefits over conventional chemistries in the critical areas
of energy density, cycle life, safety, and cost. The numbers included in the table reflect both
quantitative and qualitative differences that are significant for modular UPS scaling and
maintenance as well as for gathering information for future technology development pathways.

Table 2. Performance and Application Context: Prototype, Emerging and R&D UPS

Battery Chemistries

Sodium- | Solid-State Flow (Zn-Br, Relevance to UPS

Parameter ion Li-ion Li-Sulfur VRFB) Operational Features
Higher energy density
allows UPS modules

Energy to be made small,

: 100- ~300- 350- L
Density 15-40 [15] which is necessary for
(Whikg) 160[12] 400[13] 600[14] some space

constrained
applications. Lower
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density limits
modularity in a small
footprint.

Cycle Life
(cycles)

>3,000

~1,000

<1,000

>10,000

Longer cycle life
reduces maintenance,
and downstream
impacts to service
delivery, and reliable
operation - and
maintenance is
required for economic
efficiencies.

Efficiency
(%)

90-95

~76-80

70-80

Higher efficiency
provides a maximum
saving on energy and,
more importantly -
reduces the
degradation in
continuous operation
of UPS systems.

Operating
Temp (°C)

—20to 65

—201to0 60

—101t0 40

Ambient

Wide temperature
range means that UPS
has flexibility in
deployment without
costly thermal
infrastructure for
maintaining
temperature regimes.

Cost

Low

Higher

Low

Medium to
High

Cost controls whether
a system can be
modular, and whether
it is feasible for a
large roll-out of UPS.
Cost is also related to
whether the
technologies will be
used in premium
applications only.

Toxicity

Low

Very Low

Low

Low

Low toxicity means
environmentally-
compliant disposal
and less risk in
handling for critical
infrastructure.

Safety

High

Higher

High

High

High safety standards,
in the case of mission-
critical UPS insurance
against any failure,

and hazard not just for
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the UPS but also
wider community.

Fast response means
instantaneous power
delivery during
outages; slower
response limits use of
technology for any
critical function in a
UPS type application.

Moderate
[18]

Response

Time Fast [16] Fast [17]

Fast [19]

A highly modular
system allows for easy
UPS system scaling
and

Modularity Good Excellent Moderate Limited maintenance/upgradin
g flexibility; a lower
modularity system is
inherently less
flexible.

UPS battery technologies continue to evolve into a variety of areas as a result of many
driving forces such as safety, sustainability, and energy density. As outlined in Table 2, the
above renders the following conclusions.

e Sodium-ion: Sustainability potential, moderate cycle life (>3000 cycles), lower
energy density, potential to mitigate supply chain difficulties

e Solid-State Li-ion: High energy density (~300-400 Wh/kg) and safe, expensive
with limited modular options today

e Li-Sulfur: High energy densities (350-600 Wh/kg), limited cycle life (<1000),
making them difficult to use in short-term UPS applications

e Flow Batteries: Good cycle life (>10,000) for large stationary UPS, but limited to
low energy densities (15-40 Wh/kg) and they are bulky.

For mid-term use in hybrid and standby systems where cost and sustainability matter
more than energy density, sodium-ion chemistries are more promising. The safety and
compactness of solid-state chemistries make them strong candidates for long-term use despite
the current cost issues. Li-S batteries can be classified as high energy density batteries;
however, their cycle life prevents them from being used in UPS systems. Flow batteries are
great for their durability, but bulky and complex systems can only be used for large-scale
stationary UPS installations.

While lithium-ion chemistries receive detailed treatment due to their current market
dominance and mature data availability, emerging chemistries such as sodium-ion and flow
batteries are covered in proportion to their readiness and published UPS-specific literature.
Sodium-ion is a short discussion as commercial cells pertinent to UPS applications are still in
the early pilot phase with few published reports regarding performance and durability.
However, sodium-ion and flow batteries have sustainability benefits as well as supply security,
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making them viable mid-term and long-term options, and they should be more closely tracked
based on available scale-up and performance innovation data.

5. Effects of Variability: Temperature, DOD, and Duty Modes

Temperature Effects

Battery performance in UPS devices is very sensitive to ambient temperature (heat is a
challenge for batteries). Energy that exists in the form of electrochemicals in cells speeds up
or slows down depending on temperature. LFP and LTO batteries, with stable capacity
retention from —20°C to +55°C, are better suited for UPS in variable temperature environments
than VRLA or NMC (see Table 1 and Section 5). All of this to say that LFP and LTO batteries
are much more appropriate for mission critical UPS systems that will be subjected to
uncontrolled or wide temperature fluctuations (e.g., industrial applications or outdoor
installations) [20].

Depth of Discharge (DoD) Effects

Depth of discharge is considered to be one of the most important factors influencing
battery life. Although a higher depth of discharge allows more energy to be tapped from the
available energy, it also leads to increased stress and decay on the electrodes and thus decreased
overall cycle life. For conventional batteries, such as LFP and LTO cells, which are much more
resistant to battery degradation, they can operate with greater than 80% DoD with very little
cycle loss. Consequently, these attributes afford them compatibility with grid-interactive UPS
systems, particularly when cycling across cells and experiencing discharge events with a depth
of discharge (DoD) greater than 80%. By contrast, Lead-Acid and Nickel-Cadmium batteries
will degrade rapidly under high DoD rates as they will lose capacity and efficiency within
hundreds of cycles if used regularly with over 50% DoD. The potential for the two lithium-ion
chemistries distinctly differs from Lead-Acid and Ni-Cd, which explains why LFP and LTO
chemistries are increasingly being used in renewables-integrated UPS and real-time microgrid
battery support systems where deep cycling is often encountered [21].

Duty Cycle and Operational Modes

UPS batteries face different aging trajectories when operating systems in standby or
cyclical/continuous cycling mode. Under standby duty, most battery chemistries can probably
tolerate one to two full cycles annually with some degree of confidence when grid outages
occur, without significant degradation as their rate of aging is dominantly influenced on a
calendar aging basis and cycling has very little impact on their actual lifespan. Under
continuous or daily cycling duty cycles, especially when electrochemical stability is stressed,
a sharp difference can certainly be noticed. To repeat, LFP and LTO will again excel, as they
can maintain cycle integrity after literally thousands of deep discharge cycles. Here, flow
systems will also be beneficial since they are purposely designed for continuous cycling and
minimal degradation rates that would be a game changer - that could fit in to data center and
renewable-energy-coupled UPS systems. Of course, variability in temperature, DoD and duty
cycles represent frustrating limitations on VRLA and Ni-Cd usability, while LFP and LTO
chemistries demonstrate much more robust properties under more severe real-world UPS
conditions. As literature has consistently demonstrated, their improved cycle stability, thermal
tolerance, and tolerance for deep discharge make them the frontrunners for next-generation
high reliability UPS deployment. Typically, UPS batteries will experience different cycling
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regimes depending on the UPS operating mode/system. Standby UPS generally experience a
very low duty cycle, averaging around 1-2 full discharge events/year, where calendar aging is
the leading degradation mechanism. Continuous or grid-interactive UPS systems could
undergo cycling on a daily basis - possibly 250-365 cycles/year, with a depth-of-discharge
(DoD) value in the range of 30%-80% per discharge event. Hybrid configurations are likely to
have a moderate cycling frequency and perhaps experience some combination of shallow and
deep cycles.

6. Grid-Interactive vs. Standalone UPS: Comparative Results

Grid-interactive UPS systems require batteries that can handle fast charge/discharge
cycles, deep cycling, and stable output. LFP and LTO chemistries fit those requirements by
exhibiting flat discharge curves indicating deep cycling and negligible memory effect. The
standalone UPS is almost entirely reliant on VRLA sources because of the costs of more
suitable chemistries and cycles, but also due to their rapid degradation under the ‘cycling’ that
VRLA systems are subjected to over time. With the advent of new technologies, sodium-ion
batteries have been touted as having longer life cycles and stability in performance over time
on their own [22].

7. Resource Availability, Ethical Concerns, and Recyclability in UPS Battery
Technologies

Nickel-Manganese-Cobalt (NMC) lithium-ion batteries face significant challenges due
to resource constraints and ethical concerns associated with cobalt and nickel mining, which
are concentrated in geopolitically sensitive regions and often raise human rights issues.
Meanwhile, lithium itself is geographically concentrated primarily in a few countries such as
Australia, Chile, and China, creating supply vulnerabilities. Although recycling and second-
life battery programs for lithium-ion technology are developing, their progress remains
relatively slow, limiting immediate relief for raw material demand and environmental impacts.

In contrast, Lithium Iron Phosphate (LFP) and Lithium Titanate Oxide (LTO)
chemistries offer low toxicity and higher recycling rates, which reduce risks related to critical
material availability and environmental harm. Advances in recycling technologies for these
chemistries contribute to mitigating supply chain concerns and enhancing circular economy
strategies.

Sodium-ion batteries leverage the global abundance and wide geographic distribution
of sodium, enabling a robust and low-environmental-impact supply chain despite their
comparatively lower energy density. This abundance offers a promising solution to the resource
criticality issues facing lithium-ion batteries.

Flow batteries, utilize non-toxic and easily sourced raw materials, further supporting
sustainable material use. NMC lithium-ion batteries are viewed as dominating chemistries in
the medium term, though they do face challenges associated with resource limitations,
particularly those related to cobalt and nickel, which are mined in geopolitically sensitive areas
and raise many concerns over human rights (i.e., labor issues). In addition, lithium is also a
geographically concentrated mineral and is mined or extracted from Australia, Chile, and
China, leading to supply vulnerabilities as well. Many lithium-ion technologies are also
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exploring recycling and second-life programs, but thus far the overall progress has been
relatively slow and provides limited immediate relief from raw material demands and
environmental impacts.

LFP and LTO chemistries are very low in toxicity and can be recycled and reused at a
high rate, making LFP and LTO materials less risky in terms of both critical material
availability and environmental impact. Better recycling technologies and improvements for
these chemistries have enhanced the robustness of supply chain related concerns and circular
economy strategies.

Sodium-ion batteries benefit from the abundance and wide geographic distribution of
sodium. Even with lower energy density than lithium-ion batteries, sodium's prominence
allows for a strong supply chain with less environmental impact. Sodium is another potential
remedy for the resource criticality associated with lithium-ion batteries [23].

Out of all battery chemistries, LFP and LTO stand out as the easiest to recycle and the
least toxic options currently available. Meanwhile, sodium-ion batteries offer a sustainable
choice with dependable supply chains, though they don't pack as much energy.

8. Advancing Battery Management Systems

New BMS Al-based controls offer active control of charging and discharging, thermal
management and predictive maintenance - all of which improve the reliability and longevity of
UPS batteries. It is even more valuable to manage new chemistries (for example, solid state
and sodium-ion), that extend the cycle life and provide greater safety margin for end users in
their operations [24].

9. Real-World Deployment Challenges of UPS Battery Technologies

Thermal management and modularity are significant factors in the real-world
deployment of UPS battery technologies. Lithium-ion systems, and most notably Lithium Iron
Phosphate (LFP) and Lithium Titanate Oxide (LTO) chemistries, require integrated heating
and cooling for large UPS installations to satisfy constant performance and safety requirements.
Without effective thermal control the performance of these batteries will degrade significantly,
and simultaneously create unacceptable safety parameters to operate under variability of
environmental conditions. Flow batteries and even metal-air chemistries have factors of
constituent bulkiness and complexity that do not create an opportunity for modularity and
diminish their viability for smaller to mid-size UPS systems. These factors of form and physical
and engineering limits on their deployment are mainly relegated to essentially large stationary
installations. Maintenance and replacement cycles are also critical factors related to the
continued viability of UPS systems in natively maintenance susceptible environments [25].

From a maintenance and replacement perspective, LFP and LTO batteries are
advantageous regarding service requirements and replacement intervals, often 8-15 years in
normal UPS cycling. VRLA and Ni-Cd batteries require frequent inspections and short
replacement periods (typically 3-5 years) and can require replacement in neon terms if used at
high DoD or subjected to thermal stress. These distinctions also significantly affect the total
cost of ownership and operational expenses on the part of institutional and industrial UPS
customers. LFP and LTO chemistries have little to no ongoing maintenance and have
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replacement cycles that account for a much longer period of time, which revolves directly
around OPEX factors for UPS operators and regions with a need for maintenance. Conversely,
traditional technologies, such as lead-acid, Valve-Regulated Lead Acid (VRLA), and Nickel-
Cadmium (Ni-Cd) batteries require continuous inspections, and closely timed replacement
cycles, that make them entirely unsuitable for next-generation UPS systems that revolve around
consistence, reliability, and uninterruptible performance.

10. Technology Roadmap: Prioritizing Chemistries for UPS

The Table 3 represents a progressive timeline of UPS battery chemistries, classifying
them based on their anticipated adoption timing, and expressing their primary benefits and
drawbacks related to real-world deployment.

Table 3. Technology Roadmap for Prioritizing UPS Battery Chemistries

Timeframe Technology Benefits Limitations/Challenges
Stable, reliable, | Energy density/toxicity
Short-term LFP, LTO, VRLA
scalable (VRLA), cost (LTO)
) Sodium-ion, Solid- | Sustainability, Energy Density (Na-
Medium-term ) )
state safety, cycle life ion), cost (SSB)
High density, long | Cycle life (Li-S), system
Long-term Li-S, Flow, Hybrid : ] Y e (L-5). sy
cycle, rapid power | bulk (flow)

The technology roadmap for UPS batteries organizes chemistries relative to their level
of maturity, performance benefits, and deployment challenges into three horizons: short,
medium, and long-term. In the short term, VRLA chemistries continue to be widely used
because of their proven history, reliability, availability, and modularity. Both LFPs and LTOs
offer better safety and cycle life characteristics, while VRLA is cost-advantageous; however,
the cost-associated energy density and toxicity of LTO limits its application. Looking to the
medium term, sodium-ion batteries utilize numerous abundant materials and have lower
environmental impacts, but less energy density than lithium-ion. Solid-state batteries have
superior safety and energy densities but have high-cost manufacturing and scale-up limitations.

In the long term, lithium-sulfur, flow, and hybrid systems are expected to be some of
the most transformational technologies, with attractive energy density, long cycle life, and
potential for high-rate discharge. Unfortunately, Li-S batteries today are deeply constrained by
overall cycle life, and flow storage systems tend to be too large, cumbersome, and complex to
be flexible enough for wider adoption in smaller UPS applications. This evolving roadmap
shows a balanced shift from well-established, low-cost chemistries to solution-based
chemistries that can address sustainability, performance, and integration challenges that will
be critical in developing the UPS technology of the future.
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11. Conclusion and Future Work

The shift happening now from traditional UPS battery technologies to the next
generation of chemistries is being driven primarily by the demand for greater reliability,
modularity, and environmental sustainability. Lithium Iron Phosphate (LFP) and Lithium
Titanate Oxide (LTO) batteries currently offer the best performance, safety, and lifecycle costs
for current and prospective UPS applications. On the other hand, sodium-ion and solid-state
battery technologies are evolving quickly. They have tremendous advantages with respect to a
more plentiful and safe supply chain, as well as a better environmental footprint. Both
technologies will be significant contenders in future UPS systems.
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