
Braking System 

• The vehicle is generally 
required to have a service 
brake system, a secondary 
braking system, and a 
park brake system. 

• BEVs have specific design 
requirements associated 
with dynamic braking. 

High Voltage Direct Current 
(HVDC) Electrical System 

• System modelling, fault 
current, and arc flash 
studies should be 
conducted. 

• Overvoltage and 
overcurrent protection 
and insulation and ground 
fault monitoring systems 
are crucial for fire and 
electrical safety.

Low Voltage and Control 
Systems 

• A high-voltage interlock 
loop should be used to 
prevent direct exposure to 
high voltage. 

• Operator interfaces 
should include visible and 
audible signals.

Other 

• Key specifics to consider 
for BEV drivetrains 
include wheel or axle 
motors, hydraulic pumps, 
and the cooling system. 

• Maintenance and service 
areas on the equipment 
will require special 
procedures.

This guideline describes recommended practices for the use of battery electric vehicles (BEVs) in underground mining. Its intent is to provide guidance 
and an overall discussion about the benefits, drawbacks, and planning needed to design and implement a BEV fleet within an existing or new mine.

PERFORMANCE  
STANDARDS 

The duty cycle can be more complex than it is for diesel 
vehicles because of how the equipment gets the energy. 
Battery performance considerations include determining 
battery life, cycle life, state of health, charge and 
discharge rates, depth of discharge (DOD), estimation, 
and charging temperature estimation. 
Battery charging and swapping can also affect availability 
and utilization. 
Charger performance considerations include the timing of 
charging, the location of charging stations, and the 
potential opportunity for charging considerations based 
on mine power availability.

MINE DESIGN AND 
OPERATIONS 

Mine Layout and Infrastructure:  
Optimize charging, uphill haulage, and 
regenerative braking in layout and 
planning. 

Adjust maintenance areas to 
accommodate battery handling. 

Charging Infrastructure: 
The choice of charging method(s) 
depends on operational and cost 
constraints, fleet size, and equipment 
types. 

Start with the mine layout and operational 
map of vehicles to establish the charging 
philosophy. 

Place charging locations in safe and 
convenient locations. 

Ventilation and Cooling 
Some criteria associated with diesel 
particulate matter (DPM) regulations 
might not be required (check local 
regulations). 

Considerations in design and planning 
include design of airways, heat, blast gas 
clearing, monitoring, controlled 
recirculation, strata gases, and dust. 

Battery and Fire Safety 
Consider equipment monitoring plans to 
support prevention and early detection. 

Refuge stations should be planned in the 
production and development levels in 
each mining zone. 

Make sure battery chemistry and fire 
suppression techniques for the BEV are 
understood. Consult local regulations for 
specifics.

ENERGY STORAGE SYSTEMS

Functional Requirements

• The battery management system should be integrated into 
the BEV design and communicate with systems and 
infrastructure. 

• Thermal management and testing, conditions and usage 
profiles, automatic shutdown systems, system enclosure 
specifications, and storage conditions are key 
considerations. 

• End-of-life options include disposal as waste, recycling, and 
second life.

Safety Requirements

• Key methods of preventing hazard conditions include 
sensor data and monitoring and appropriate battery 
mechanical protection, usage, and handling. 

• Batteries can be compromised due to physical or hazard 
conditions that lead to an increase in temperature, resulting 
in thermal runaway and the production of flammable and 
toxic gases. 

• Carbon monoxide and hydrogen fluoride are especially 
dangerous risks in underground battery fires as they can 
both spread through mining zones.

BEV DESIGN

TYPES OF CHARGING AND 
CONNECTION INTERFACES 
On-board charging from alternating current (AC) supply 
interface: Connector types are defined by IEC 62196-1, IEC 
62196-2, and IEC 62196-3 and vary depending on region. 

Off-board charging interface, manually operated: The two 
versions of combined charging systems CCS-Type 1/Combo 1 
and Type 2/Combo 2 are most widely used in mining and are 
recommended. 

Off-board charging interface, automated: Types of 
automated charging interfaces include infrastructure 
mounted pantograph systems, enclosed pin and socket 
systems, and inductive systems.  

Battery swapping and charging interface: The connector 
needs to be durable and able to handle high power 
requirements. Interoperability is a key challenge. 

TYPES OF CHARGING AND 
CONNECTION INTERFACES 
On-board charging from alternating current (AC) supply 
interface: Connector types are defined by IEC 62196-1, IEC 
62196-2, and IEC 62196-3 and vary depending on region. 

Off-board charging interface, manually operated: The two 
versions of combined charging systems CCS-Type 1/Combo 1 
and Type 2/Combo 2 are most widely used in mining and are 
recommended. 

Off-board charging interface, automated: Types of 
automated charging interfaces include infrastructure 
mounted pantograph systems, enclosed pin and socket 
systems, and inductive systems.  

Battery swapping and charging interface: The connector 
needs to be durable and able to handle high power 
requirements. Interoperability is a key challenge. 

BUSINESS CASE 
Revenue potential differences in performance, 
productivity, and orebody viability 

Capital Cost infrastructure and design costs 

Operating Cost charging strategies, lower 
ventilation-related costs 

Health, Safety, Environment, and Community 
reduced emissions, improved work conditions

CHARGING SYSTEMS  
AND METHODS 

Charging Systems 
• Charging systems should 

be compliant with safety 
standards and compatible 
with energy storage type 
and conditions in the 
mine. 

• A power study is 
recommended. 

• Operator control visibility 
and emergency shutdown 
terminals should be 
visible. 

• Charging systems should 
be capable of load 
management and 
monitoring and reporting.

Charging Methods 
• On-board charging can be a 

good option for mixed 
fleets or if additional fixed 
infrastructure is not feasible. 

• Off-board charging of on-
board batteries can be a 
good option if high-power 
chargers are required or if 
operating a large BEV fleet. 

• Off-board charging of off-
board batteries (swapping): 
Can be a good option if 
long uphill trips are 
required, especially if 
implementing BEVs in 
existing mines.  
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