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Executive Summary: The 2026 Tipping Point
The forklift battery market is at an inflection point.

With tightening regulations across Europe, North America, and Asia, and rising 

operational costs pressuring fleet operators, 2026 marks the year when lithium 
adoption becomes not just an option, but a strategic necessity.

This guide provides material handling professionals with: 

● A clear roadmap through the evolving regulatory landscape 

● Data-driven TCO comparisons between lithium and lead-acid 

● Real customer case studies from cold storage, rental, and multi-shift operations 

● Practical implementation steps for a seamless transition 

Whether you're an OEM, dealer, rental company, or fleet operator, this report will 

help you make informed decisions that protect your bottom line and future-proof 

your operations.
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4. 3.

1.
London

• 2025-2035: £2.5B DRIVE35 Fund 
• 2025: Insurance requires IEC / UL certification

2.
Brussels (EU Headquarters)

• 2024: Lead limit <0.01% 
• 2025: Recycling 75% 
• 2027: Battery Passport 
• 2027: Due Diligence 
• 2030: Recycling 80% 
• 2031: Lead recovery 95%

Paris 

• 2025: EPR 5 Battery Categories
• 2025: Industrial Battery Criteria

Rome 

• 2025: EU Regulation Implementation

Pressure: Compliance costs ↑

Incentives: Funding & subsidies

Requirements: Standards & certifications

Shaded areas indicate the geographical scope of each regulation.

Policy Pressure on Lead-Acid

Global Battery Regulations:

2024-2031 Timeline



6.

5.
Ottawa

• 2026: BMS Performance Standards
• Current: UN38.3 Transport 
Requirementscertification

Washington, D.C.

• 2022-2026: $6B Federal Grants
• Priority: North American supply chain

The Pressure Is Building:
2024-2027 marks the critical window where lead-acid compliance 
costs surge while lithium policy dividends reach their peak.

Pressure: Compliance costs ↑

Incentives: Funding & subsidies

Requirements: Standards & certifications

Shaded areas indicate the geographical scope of each regulation.

Policy Pressure on Lead-Acid

Global Battery Regulations:

2024-2031 Timeline



Regulatory Landscape:
Why Policy Is Driving the Shift
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2.1 EU Battery Regulation (2023/1542): The Game Changer

The European Union has set the world's most stringent battery 
requirements, with direct implications for forklift fleet operators.

Requirement Deadline Impact on Lead-Acid Impact on Lithium

Lead Content <0.01% Aug 2024
Most lead-acid batteries

non-compliant
✓ Fully compliant (zero lead)

Recycling Targets
2025: 75%

/ 2030: 80%
High compliance cost ✓ Lower targets (65% by 2025)

Material Recovery 90% lead by 2027 Energy-intensive recycling ✓ Lithium recovery scaling up

Battery Passport Feb 2027 Difficult to trace carbon data ✓ Digital-ready with BMS data

Carbon Footprint 
Declaration

Aug 2025 High emissions from production ✓ Lower lifecycle emissions

What this means for you: 
● Lead-acid batteries face escalating compliance costs and potential market restrictions 
● Lithium batteries are positioned for preferential market access 
● Non-compliance risks include product recalls and fines up to 4% of annual turnover



2024

August 18
Regulation: Lead Restriction (Art. 6)
Requirement: Industrial batteries must contain 
<0.01% lead by weight
Impact on Your Business: Lead-acid batteries face 
compliance risks; some models may be banned

ROYPOW Advantage
Zero lead fully compliant

2025

February 18
Regulation: Carbon Footprint (Art. 7)
Requirement: Carbon footprint declaration required 
for batteries >2kWh
Impact on Your Business: Additional documentation 
for EU exports; increased administrative costs

ROYPOW Advantage
Traceable data supports 
customer compliance

2025

December 31
Regulation: Recycling Targets (Art. 56-57)
Requirement: Lead-acid: 75% recycling
Lithium: 65% recycling
Impact on Your Business: Rising recycling costs for 
lead-acid may be passed to customers

ROYPOW Advantage
Lower recycling target
cost advantage

2026

Full Year
Regulation: Market Transition
Requirement: Full enforcement begins; 
market surveillance intensifies
Impact on Your Business: Increased customs 
inspections; non-compliant products risk detention

ROYPOW Advantage
All products compliant
smooth customs clearance

2027

February 18
Regulation: Battery Passport (Art. 77)
Requirement: Digital passport required for batteries 
>2kWh(carbon footprint, recycled content, supply 
chain data)
Impact on Your Business: Must provide passport to 
end-users; technical barrier for some

ROYPOW Advantage
BMS data directly exportable
easy passport generation

2027

December 31
Regulation: Lead Recovery (Art. 71)
Requirement: Lead recovery rate must reach 90%
Impact on Your Business: Lead-acid recycling costs 
escalate further

ROYPOW Advantage
Lead-free design unaffected

Why This Matters to You
From 2024: Compliance costs for lead-acid batteries in Europe will continue to rise
From 2027: Industrial batteries without a digital passport cannot be sold in the EU
Choosing lithium not only avoids lead restriction risks but also meets carbon footprint and 
recycling requirements at lower cost
ROYPOW lithium batteries are fully compliance-ready, helping you transition seamlessly



2.2 UK Market: DRIVE35 and Insurance Requirements

The UK government's DRIVE35 program provides £2.5 billion in funding to support 
fast-charging lithium battery adoption in industrial vehicles, including forklifts.

— UK Government, DRIVE35 Announcement

"The Government has put electric vehicles and batteries at the heart of its 
Modern Industrial Strategy, with an explicit aim to lift UK output to more 
than 1.3 million cars and commercial vehicles by 2035."

Insurance Implications: 
British insurers now require lithium batteries to meet IEC 62133 or UL 1973 certification. Non-compliant 
products risk insurance refusal—a critical consideration for fleet operators and rental companies.

2.5B

DRIVE35 Government Funding

Fast-charging lithium adoption

Insurance Requirement:
IEC 62133 / UL 1973

Non-compliant? Risk refusal

Lithium is the common denominator



Regulation Requirement Lithium Advantage

PHMSA 49 CFR Parts 100-185 UN 38.3 testing for transport ✓ ROYPOW batteries fully certified

OSHA/CSA B335-15 Safe operation standards ✓ Built-in BMS ensures compliance

CNESST (Quebec) Worker safety during charging
✓ No gas emissions, 

no ventilation needed

2.3 North American Regulations
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3.1 Performance at a Glance

Parameter ROYPOW LiFePO4 Lead-Acid Winner

Working
Temperature

-20°C to 55°C
Performance

drops below 5°C
Lithium

Cycle Life 3,500+ cycles (up to 10 years) 800-1,500 cycles (3-5 years) Lithium

Charging Time ~2 hours to full 8+ hours + 8-hour cool-down Lithium

Opportunity Charging ✓ Yes, any time ✗ No Lithium

Maintenance
Zero—no watering, no 

equalization
Frequent watering, cleaning Lithium

Energy Efficiency 90-95% 60-75% Lithium

Safety Features Built-in BMS, fire suppression Requires vented charging room Lithium

Upfront Cost Higher Lower Lead-Acid

5-Year TCO 30-50% lower Higher Lithium

ROYPOW LiFePO4

Lead-Acid

Performance Summary:
ROYPOW LiFePO4 batteries 
outperform lead-acid in 8 out of 8 
dimensions The most significant 
advantages are in maintenance 
reduction and cycle life extension 
Lead-acid's only perceived 
advantage (lower upfront cost) is 
fully offset by higher 5-year TCO 
For cold storage and multi-shift 
operations, the performance gap 
widens further



— Logistics Manager, Northern Italy

"Our refrigerated warehouse operates 24/7. With ROYPOW lithium 
batteries, we've eliminated mid-shift battery swaps and reduced our 
fleet size by 40%." 

3.2 Cold Storage Performance: A Critical Differentiator

In cold chain logistics, temperature is the enemy of performance.

Lead-Acid in Cold Environments: 
● Capacity drops 30-50% below 0°C 
● Charging becomes inefficient, extending downtime 
● Risk of freezing and permanent damage

ROYPOW Cold Storage Solutions: 
● Built-in pre-heating function activates below 0°C 
● Integrated thermal insulation maintains optimal temperature
● Stable power output down to -20°C
● IP67-rated protection against water ingress and external moisture
● Anti-condensation design helps minimize internal moisture and condensation



3.3 Multi-Shift Operations: One Battery, Three Shifts

For operations running 24/7, battery management is a constant challenge.

Lead-Acid Scenario (3 shifts): 
● Requires 2-3 battery sets per forklift 
● Dedicated battery room needed 
● Swapping time: 15-20 minutes per change
● Lost productivity: 1-2 hours per day per forklift

Lithium Scenario with Opportunity Charging: 
● One battery per forklift, regardless of shifts 
● Charge during breaks (30 minutes provides enough for next shift)
● No battery room needed
● Zero swapping downtime



Total Cost of Ownership Analysis04

4.1 The 5-Year TCO Comparison

The initial purchase price tells only part of the story. True cost is revealed over the battery's lifetime.

Assumptions (Single Forklift, Single Shift): 
● Operating days: 300 per year 
● Electricity cost: $0.19/kWh
● Lead-acid replacement: every 3 years
● Lithium lifespan: 10 years 

For multi-shift operations, savings multiply: 
● Lead-acid requires 2-3 batteries per truck → 2-3x upfront cost 
● Lithium requires 1 battery per truck regardless of shifts

Cost Component Lead-Acid (5 Years) Lithium (5 Years) Savings

Initial Purchase $1,815 $2,645 -$830

Energy Cost $6,080 $4,800 +$1,280

Maintenance Labor $1,000 $0 +$1,000

Battery Replacements $1,815 (year 3) $0 +$1,815

Total 5-Year Cost $10,710 $7,445 +$3,265 (30%)



Lithium Eliminates All of These:

Hidden Cost Lead-Acid Lithium

Charging Room Required (vented) None (charge on truck)

Battery Swapping Required Never

Watering Labor Weekly Zero

Acid Disposal Special handling required None

Space for Spares 2-3x battery footprint Zero

● Labor cost saved: Up to $650 per battery annually 
● Space saved: 20-30 sq meters per 10 forklifts 
● Productivity gain: 1-2 hours per shift per forklift from eliminated swaps

4.2 Hidden Costs: What Operators Often Miss

Lead-Acid Hidden Costs: 
● Ventilation and HVAC for charging rooms
● Spill containment and acid disposal 
● Productivity loss during battery swaps

● Battery handling equipment (cranes, carts)
● Labor for watering, equalization, and cleaning
● Space occupied by spare batteries and charging infrastructure

4.3 ROI Calculator: See Your Savings

Use our interactive TCO calculator to model your specific operation:

Input variables: 
● Number of forklifts 
● Shifts per day 
● Electricity rate

Output metrics: 
● Payback period (typically 18-36 months) 
● 5-year total savings 
● CO₂ reduction

● Labor rate 
● Cold storage usage (Y/N)
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Case Study 1: Refrigerated Warehouse, 
Northern Italy

Customer: Regional cold chain logistics center

Fleet: 15+ electric pallet trucks

Challenge:
Lead-acid batteries lasted <4 hours at -5°C; 
frequent replacements; high maintenance

ROYPOW Solution: 

● 48V 400Ah lithium batteries with pre-heating function 
● Smart BMS for real-time monitoring 
● IP67 protection against water ingress and external moisture

Results: 
✅ Runtime increased 60% even below 0°C 
✅ ROI achieved in 18 months 
✅ Zero maintenance required 
✅ Customer quote: "Now the trucks run without interruptions, even during the night shift."



Results: 
✅ Rental renewals increased significantly 
✅ End customer satisfaction improved 
✅ TCO reduced by over 30%

Case Study 2: Forklift Rental Company, France

Customer: National equipment rental provider

Equipment: CESAB P320 pallet trucks (rental fleet)

Challenge:
End customers reported frequent downtime; batteries 
couldn't last full shifts; maintenance costs eroded margins

ROYPOW Solution: 
● F24150I LiFePO4 batteries 
● Direct drop-in replacement (no modifications) 
● Fast charging + extended warranty



Case Study 3: 3-Shift Logistics Operator, Poland

Customer: High-throughput logistics center

Fleet: STILL RX20-20P forklifts

Challenge: Lead-acid batteries couldn't support 3-shift operations; 
swapping caused delays; high maintenance costs

Results: 
✅ One lithium battery replaced three 
lead-acid units 
✅ Zero swapping downtime 
✅ Productivity increased 25%

ROYPOW Solution: 
● F48460AH-A lithium batteries 
● Opportunity charging during breaks 
● Pre-heating function for winter operation

Our operators used to spend 30 minutes per 
shift changing batteries. Now they just plug 
in during coffee breaks." 

— Fleet Manager, Poland



Case Study 4: AGV Manufacturer, USA

Customer: Leading automated guided vehicle (AGV) producer

Challenge: Batteries needed to maintain charge over weekends; 
safety critical in unmanned operations

Results: 
✅ 100% uptime after weekends 
✅ Multiple safety certifications 
✅ Seamless integration with AGV control system

ROYPOW Solution: 
● A38210D custom battery with auto-recharge function 
● BMS monitors SOC and reactivates charge when needed 
● Fireproof materials prevent thermal propagation



Technology Deep Dive: What Makes Lithium 
Safer & Smarter
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6.1 The Safety Architecture of ROYPOW Batteries

Multi-Layer Protection:

Cell Chemistry
Technology: Grade A LiFePO4, certified to UL 1642, 
UL 9540A, UL 2580, and IEC 62619
Benefits: Thermal stability, no thermal runaway

BMS Protection
Technology: Real-time monitoring of voltage, 
current, temperature
Benefits: Prevents overcharge, over-discharge, 
short circuit

Physical Design
Heating plate: low-temperature heating 
protection for battery cells, extending lifespan.

Fire Suppression
Technology: Built-in aerosol extinguisher
Benefits: Automatic activation at 177.8°C

Enclosure
Technology: IP65-rated, sealed
Benefits: No water ingress and dust 



6.2 Intelligent Battery Management System (BMS) & 4G Module

ROYPOW's BMS and 4G module deliver: 
● Real-time monitoring: SOC, SOH, temperature, cycle count 
● Remote diagnostics: 4G connectivity in 135+ countries 
● OTA updates: Continuous improvement without physical access 
● Predictive maintenance: Alerts before issues occur

—— European Fleet Operator

*The 4G monitoring has cut our maintenance costs by 40%.
We can diagnose issues remotely before they cause downtime.*



6.3 Specialized Solutions for Extreme Conditions

Application:

Cold Storage
Application:

Hazardous Areas

ROYPOW Solution:

Liquid-Cooled Series
Application:

High-Temp / Light-Duty / Frequent Start / Stop

Key Features:

Active thermal management, 8-year warranty

Application:

High-Temp / High-Power / Multi-Shift

Key Features:

5°C lower operating temperature

ROYPOW Solution:

Air-Cooled Series

ROYPOW Solution:

Explosion-Proof Series

Key Features:

ATEX / IECEx certified, sealed construction

ROYPOW Solution:

Anti-Freeze Series

Key Features:

Pre-heating, IP67, thermal insulation, no condensation

https://www.roypow.com/liquid-cooled-lifepo4-forklift-battery-product/
https://www.roypow.com/80v-690ah-air-cooled-lifepo4-forklift-battery-f80690ak-product/
https://www.roypow.com/explosion-proof-lifepo4-forklift-battery-product/
https://www.roypow.com/anti-freeze-lifepo4-forklift-battery-product/
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Step 1: Assess Your Fleet

Step 2: Calculate Energy Requirements

Factor Questions to Ask Data Needed

Shift Pattern
Single shift?

Multi-shift? 24 / 7?
Hours per day,
days per year

Environment
Cold storage? Outdoor?

Hazardous?
Temperature range,

special risks

Work Intensity
Typical load weight? Duty cycle?

Peak usage?
Average/peak load, discharge rate, 

energy consumption per shift

Existing Equipment
Forklift makes/models,
battery compatibility

Voltage,
compartment dimensions

Use this formula to determine required capacity:

Step 3: Select the Right Battery

Brand Voltage Compatible ROYPOW Models

TOYOTA 24V-80V F48560 series, F80560 series

Linde 24V-80V F36690 series, F48690 series

Yale 24V-80V F48460 series, F36690 series

KOMATSU 24V-80V F72315 series

ROYPOW batteries meet BCI and DIN standards — no modifications required.

ROYPOW offers drop-in replacements for all major forklift brands:



Step 4: Plan Your Charging Infrastructure

With lithium, you likely already have what you need:

● ✓ Existing electrical supply (same voltage)
● ✓ No ventilation required

● ✓ Existing connectors (compatible options available) 
● ✓ Charge on the truck—no battery room needed

Recommended upgrades: 
● Consider smart chargers for optimal performance 
● Add 4G monitoring for fleet-wide visibility 
● Schedule off-peak charging to reduce electricity costs

Step 5: Train Your Team

ROYPOW provides: 
● On-site installation support 
● Operator training programs

● Safety and maintenance guidelines 
● 24 / 7 technical support via 4G monitoring
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Who We Are 
ROYPOW is a global leader in motive 
power and energy storage solutions, 
built on 20+ years of expertise in the 
renewable energy industry.

Our Commitment: 
From off-road vehicles to marine 
applications, job site energy storage to 
electric retrofits—we engineer integrated 
power systems that maximize performance, 
safety, and ROI for our customers worldwide.

Global Presence 
 

17  subsidiaries worldwide. Local support, global expertise. 
Wherever your fleet operates, we're already there.

ROYPOW USA

ROYPOW UK ROYPOW Europe ROYPOW Germany

ROYPOW Iraq

ROYPOW Brazil ROYPOW South Africa

ROYPOW Australia

ROYPOW Indonesia

ROYPOW Korea
ROYPOW Japan

ROYPOW Ultradrive

ROYPOW HQ
ROYPOW Shenzhen

750+
Employees

200+
R&D People

105,000 ㎡
Headquarters Floor Area

2,500 ㎡
Testing Center

364
Patents

Manufacturing Excellence 
● Fully automated production lines with 10 GWh annual capacity (China + Indonesia) 
● Advanced MES (Manufacturing Execution System) for full traceability 
● In-house R&D: BMS, PCS, EMS, motor and controller algorithms 
● Automotive-grade quality management certified to IATF 16949

ROYPOW is also recognized as a UL, 
CSA, and TÜV SÜD accredited client 
testing laboratory—certification isn't 
just a stamp we get; it's a standard 
we build into every product.

UL 2580 Battery safety
(all voltage platforms)

UN 38.3
Transportation
safety

European
conformity

Hazardous substance
compliance

IEC 62619 Industrial
battery safety



Ready to optimize your forklift fleet TCO? 
Download our interactive TCO calculator:

Powering the Future of Material Handling

ROYPOW Technology

Explore the full product range:

www.roypow.com

Lithium Ion Forklift Batteries & LFP Batteries for Forklift | ROYPOW

Contact your local ROYPOW team:

Contact Us | ROYPOW sales@roypow.com

https://www.roypow.com/lifepo4-forklift-batteries-page/
https://www.roypow.com/contact-us/

