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Why procurement-smart organizations choose Lead Crystal over VRLA
and Li-ion for industrial backup, telecom, and renewable energy
storage
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Executive Summary

Procurement managers are abandoning upfront-cost purchasing in favor of Total

Cost of Ownership. In this new paradigm, Lead Crystal batteries deliver 60% lower

cumulative cost than VRLA over 15 years — while avoiding the fire risk, thermal

management burden, and recycling challenges of lithium-ion.

$3,500 $8,750

Lead Crystal 15-Year TCO VRLA 15-Year TCO

(10 kwh system) (2.5 more)

$5,800

LiFePO, 15-Year TCO

(1.7x more)

15-Year Cumulative TCO (10 kwh)  $3,500

Operating Temperature Range -40°C to +65°C
Thermal Management Required None
Replacements in 15 Years 0-1

Thermal Runaway Risk None
Recycling Rate (USA) 99%

Shelf Life Without Recharge 2+ years
Maintenance Zero

$8,750

-20°C to +50°C
Cooling above 35°C
3-5

Low

99%

6 months

Quarterly testing

$5800

-20°C to +60°C
Heating below 0°C
0-1

Low—Medium
20-50%

6-12 months

BMS monitoring



Bottom Line: Lead Crystal occupies a unique sweet spot — VRLA-grade upfront pricing

($150-200/kwh) with near-lithium cycle life (6,000+ cycles), zero safety risk, zero
maintenance, and unmatched temperature tolerance. For float/backup applications —
telecom, UPS, industrial backup — Lead Crystal delivers the lowest true TCO.



1. The Battery Market Landscape

The global industrial battery market is projected to grow from $22.4 bilion (2024) to $34.6
billion (2030) at 7.6% CAGR, driven by telecom infrastructure, renewable energy, and data
center growth! VRLA/AGM still dominates UPS and telecom — 68% of the stationary VRLA
market? — but procurement patterns are shifting toward TCO-based purchasing.

Key Insight: "Lead-based batteries will still be dominant in 2030" for UPS and telecom
applications — Consortium for Battery Innovation.? Despite lithium-ion's headline growth,
the installed base and mature recycling infrastructure ensure continued relevance.

Chemistry

Lead Crystal
(sio2)

VRLA | AGM

LiFePO4

Gel Lead-Acid

Flooded Lead-
Acid

Primary Applications

Telecom, UPS, solar, industrial backup,
defense

UPS, data centers, telecom

Grid storage, UPS, renewables, EV
Solar, marine, deep-cycle

Motive power, forklifts

Market Position

Emerging premium; 3,100-6,000
cycles

Incumbent; 68% stationary market; 3—-5
yr life

Fastest-growing; 83% of stationary
storage*

Niche; better deep-cycle than AGM

Lowest cost; requires maintenance;
hazardous



2. How Enterprises Procure Batteries Today

The procurement landscape has shifted decisively toward TCO-based purchasing:

Criteria Traditional Weight Modern TCO Weight Trend
Upfront capital cost ($/kwh) Heavy Moderate | Declining
Lifespan [ cycle life Moderate Heavy 1 Rising
Maintenance requirements Low Heavy 1 Rising
Safety / fire risk Low (assumed) Heavy 11 Surging
Temperature tolerance Ignored Growing 1 Rising
Disposal [ recycling Low Growing 1 Rising

"The most profitable and reputable players now understand that the true cost of a
Battery Energy Storage System is revealed over its entire operational life, not on the initial
invoice." — Xien Solar, 20255

Procurement Pain Points

1. Hidden replacement costs. "VRLA UPS batteries are end-of-life around 3-5 years. The
wrong choice can double your replacement frequency.”s

2. Premature failures. Vertiv analysis of 40,000+ VRLA strings found real-world performance
often falls short of rated specs.”

3. Temperature de-rating surprise. VRLA loses 50% of life for every 8°C above 25°C — most
procurement teams discover this too late.8

4. Disposal liability. Lead-acid batteries classified as hazardous waste; improper disposal
penalties up to $25,000.°



3. Total Cost of Ownership: The Numbers

Over 15 years, a 10 kWh Lead Crystal system costs $3,500 — versus $8,750 for VRLA and
$5,800 for LiIFePO..

15-Year Total Cost of Ownership — 10 kWh System

LiFePO4 5800
Lead Crystal
(LeadchStal) _ $35°o
0 2000 4000 6000 8000 10000

Cumulative Cost Over 15 Years (USD)

Figure I: 15-Year Total Cost of Ownership — 10 kWh System. Sources: Industry pricing, Schneider Electric WP#229, Vertiv field data.

Year 0
$1,750 $1,250 $2,750
(CAPEX)
$1,500 (replacement )
Year 3 $0 $30 (BMS maint)
#1)
$1,500 (replacement
Year 6 $0 $0
#2)
$1,750 (replacement, $1,500 (replacement
Year 8 . {ep dis $0
optional) #3)
$1,500 (replacement
Year 12 ) i $200 (cooling maint)
#4)
1,500 (replacement 2,750 (replacement
Year 15 $0 v leerg v g
#5) #1)
Cumulative $3,500 $8,750 $5,800

Assumptions: 10 kWh usable, one cycle/day, 25°C ambient, backup/telecom. Lead Crystal replaced at Year 8 (conservative).
VRLA every 3 years. Sources: Schneider WP#229, Ampowr, Grand View Research.”®



LiFePO4
0-1 replacements

VRLA / AGM
3-5 replacements

Lead Crystal
0-1 replacements

Battery Replacements Required Over 15-Year Lifecycle
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Figure 2: Replacements over 15-year lifecycle. Lead Crystals SiO. electrolyte prevents sulfation — the leading VRLA failure mode.

The Schneider Electric TCO Analysis — And Its Limitations

Schneider Electric White

Paper #229 found Li-ion delivers TCO 10—40% lower than VRLA

over 10 years in data centers.” However, this assumes climate-controlled environment

(20—25°C), standard HVAC, no fire suppression, and no recycling cost differential.

thermal management

In non-climate-controlled applications — telecom shelters, remote solar sites, extreme
climates — the TCO advantage shifts toward temperature-tolerant chemistries. Add

($2,000-5,000 capital, $500—1,500/yeor per site) and fire insurance

($0.50-$2.00/sq ft/year), and Lead Crystal's lead widens further.

Where LCOE Misleads for Backup Applications

Levelized Cost of Energy

favors high-cycle, high-efficiency chemistries in daily cycling. But

in float /backup applications — telecom, UPS — batteries sit at full charge 95%+ of the

time. Longevity, temperature tolerance, and zero-maintenance dominate true TCO.”



| 4.lead Crystal Advantages — With Data

4.1Cycle Life: 2-3x VRLA

Cycle Life Comparison at 50% Depth of Discharge

Flooded
500-1,200 Y

Gel Lead-Acid
800-1,500 ——

LiFePO4

4,000-8,000 6000

VRLA / AGM
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Lead Crystal
6,000+ cycles Ly
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Number of Cycles

Figure 3: Cycle life at 50% DoD. Lead Crystal: 3,100—-6,000 cycles — approaching lithium territory with lower cost and safety risk. Sources:

Ampowr, TrailerCamperAustralia.”

4.2 Temperature Range: The Decisive Advantage

Operating Temperature Range & Thermal Management Cost
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Figure 4: Operating range vs thermal management cost. Lead Crystals -40°C to +65°C range eliminates HVAC.

BSLBATT, Azimuth Solar.%

Annual Thermal Mgmt Cost ($)

Sources: Ampowr,




Lead Crystal -40°Cto +65°C Full range None

VRLA [ AGM -20°C to +50°C Avoid above 45°C Cooling above 35°C
LiFePO. -20°C to +60°C (discharge) Cannot charge below 0°C  Heating + cooling
Li-NMC -20°C to +50°C Cannot charge below 0°C  Active liquid cooling

For 100 telecom sites: Lead Crystal eliminates enclosure HVAC — saving $200,000-
500,000 capital and $50,000-150,000/year in energy costs vs LiFePO. setups.

4.3 Safety: No Thermal Runaway

Thermal Possible . .

None Possible High
runaway (rare)

Non-flammable Flammable Highly
Electrolyte ) Water-based

SiO: solvent flammable
Fire suppression None needed Ventilation Gas detection Full system

Uptime Institute: "Li-ion batteries present a greater fire risk than VRLA" — endorsed by
NFPA's DOE 2024: lead-acid events "typically less severe than in Li-ion."®

SiO, electrolyte eliminates fire insurance ($0.50-$2.00/sq ft/year) and suppression
system capital ($15,000-50,000 per battery room).

4.4 99% Recyclable

Recycling rate (USA) 99% 20-50%
Recycled content in new batteries ~80% <5%
Infrastructure Mature, profitable, global Nascent, subsidized

BCl: 99% sustained recycling rate.” EPA: "#1 recycling success story."8 Nature (2025): Li-ion
at 2-47% globally.'



4.5 Zero Maintenance

SiO- electrolyte does not stratify, evaporate, or sulfate. No watering, no equalizing, no
terminal cleaning. A 100-site network with quarterly VRLA maintenance ($150/site) costs
$60,000/year that Lead Crystal eliminates.2

4.6 Shelf Life & Recovery

Shelf life without recharge 2+ years 6 months 6-12 months
Deep discharge recovery Full from OV Damage below 10.5V BMS cutoff

Sulf ation risk None High (leading failure) N/A



5. Real-World Case Data

5.1 Telecom Towers — The Diesel Replacement Opportunity

GSMA's Tower Power Africa: off-grid sites consume ~13,000 L diesel/year at $21,000+ OPEX
per site.? Battery + solar hybridization is the primary cost-reduction strategy — battery
longevity determines ROL.

5.2 VRLA Failure Rates — Field Data

Vertiv analyzed 40,000+ battery strings across 600,000+ inspections.?? Findings: VRLA fails
before rated lifespan; premature capacity loss is a known telecom failure mode;
temperature is the #1accelerator.

5.3 The Cost of Downtime

ITIC — 90% of mid-large enterprises $300,000+ 2024
Uptime Institute — 54% of outages $100,000+ 2024
Large enterprises (41% of firms) $IM—$5M 2024

Sources: ITIC 20242 Uptime Institute 202424

A single battery-related outage prevented by more reliable chemistry — no thermal
runaway, no premature capacity loss — pays for the entire system many times over.

5.4 User Testimonials

"These batteries outperform any other battery in the same price range. In Solar and
Telecommunications, this is the best value for money." — Solar Panel Talk?s

"Bang for buck, Lead Crystal is a clear winner over Deep Cycle AGM Batteries.” —
TrailerCamperAustralia?s



6. Competitive Landscape

Supply Chain

Lead Crystal manufactured by Betta Batteries (China) — 8 invention patents, 7 proprietary

technologies.?” Distribution: Leadcrystal (Middle East), Ampowr (Europe), Green RHINO

(Asia-Pacific), Battery Specialists (Australia).2s

Competitive Positioning

Lead Crystal ) $150-

SiO; Lead
(Leadcrystal) 200/kwh
VRLA (E D, East 100—

(EnerSys, C&D, Eas T $
Penn) 150/kWh
) $200-
LiFePO4 (CATL, BYD, Tesla) LFP
350/kWh

Advanced $180—-
Lead Carbon

Lead 250/kwh

$3,500

$8,750

$5800

$4,500-
6,000

Telecom, UPS, extreme
climates

Climate-controlled UPS

Daily cycling, grid
storage

Partial SOC cycling

Leadcrystal's position: Full Lead Crystal portfolio (2V-12V, 45Ah—-250Ah) with local Saudi
stock, technical support, and warranty. The go-to supplier for Middle Eastern operators

seeking lowest TCO.



| 7. The Procurement Case for Lead Crystal

When decisions are made on Total Cost of Ownership, Lead Crystal emerges as the

clear winner for industrial backup, telecom, and renewable energy storage.

Temperature extremes
Fire safety is
paramount

Zero maintenance
required

Long lifecycle matters
Recycling compliance

Float/backup
application

60%

Lower TCO vs VRLA
over 15 years

Site outside 20-25°C — deserts, tropics, arctic — where VRLA degrades
and Li-ion needs HVAC

Telecom shelters, hospitals, data centers, oil & gas

Remote sites, unmanned facilities, distributed networks

10-15 year horizons — VRLA's 3-5 replacements destroy ROI
EU, North America, EPR jurisdictions — 99% vs 20-50%

UPS, emergency backup, telecom — infrequent cycling, longevity
dominates

40% $0 99%

Lower TCO vs LiFePO, Annual maintenance Recycling rate
over 15 years per battery

The Leadcrystal Promise: VRLA-grade pricing with near-lithium cycle life — none of

lithium's compromises. For procurement managers who measure cost over the full

lifecycle, Lead Crystal delivers the lowest true Total Cost of Ownership.
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