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PARKING LOT: Recommended Practices for Battery Electric 
Vehicles in Underground Mining – Version 3 

 
Last updated: 2022-07-14 

 
What is a GMG guideline parking lot? It is the compilation of topics and improvements that are identified for 
future versions or future projects throughout the development and review of a guideline. The parking lot is a key 
part of the cyclical GMG guideline development process, which aims to achieve a balance timeliness and 
comprehensive coverage by delegating some topics and improvements to future work. Reasons (which are often 
interconnected) that items might be placed in the parking lot include: 

• Readiness: The industry is not ready to cover this topic yet, but will be in the future 
• Time constraints: It would take too long to adequately address this topic, getting the guideline out in a 

timely manner is more important than addressing this topic right now. 
• Priority: The topic is not a current priority but would still be nice to have later 
• Lack of consensus: Covering something might introduce bias because there are diverse opinions (often 

linked to the above). 
• Should be its own project to do it justice: The topic is relevant but better suited to being covered as a 

separate, related project.  
• Late recommendation: A valuable recommendation that is submitted in late stages of review that could 

not be addressed at that stage without delaying publication or seeking re-approval.   
 
Inclusion of subject matter in this parking lot does not necessarily mean that it will be covered in future versions 
of the guideline. The items will be considered and assessed alongside new recommendations when the next 
version is launched. 
 
The next version of this guideline will be the fourth. The revision cycle is planned for 2 Years (scheduled for 
revision in 2024). It may be reviewed earlier if prioritized by the Working Group. 

GENERAL 

The following are some overall topics and themes discussed throughout the development and review. Specific 
points are discussed in the other sections. 
 
Reference Parking Lot Item Explanation 
Scope 
expansion 

Non-diesel equipment in 
surface mining.  

Surface electrification is becoming more and more prominent (noted as a key 
area of discussion at the 2022 Electric Mine Conference). Initial plans for v3 
included surface within the scope but, at the time, the differences in 
maturity made it difficult to combine.  
 
While surface is definitely an area for future work, whether it will be a 
separate guideline or combined with this will need to be considered critically. 
This should be discussed by the Working Group. 
 

Scope 
expansion 

Trolley-assist systems Only discussed in v3 as an option and did not go into depth, however, it was 
identified as an area where there could be future work as there are a lot of 
initiatives related to trolley systems (both in surface and underground).   
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Like surface mining, it will need to be determined whether this is a separate 
project or part of a future version 
 

Scope 
expansion 

BEVs and autonomous 
mining and integration 
 

Adoption starting but at this stage, most of the same guidance applies to 
autonomous and manned vehicles, with additional considerations that apply 
to most autonomous vehicles.  
 
How to handle will depend on the Working Group roadmap (possibly another 
project). There was also some discussion of how this overlaps with the 
Autonomous Mining Working Group.  
 

Scope 
expansion 

Non-LIB chemistries LIBs are the reference technology in scope for v3, others are only mentioned 
comparatively. As others are adopted more widely, further consideration 
(see specifics in parking lot for Section 6 Energy Storage Systems)  

Terminology 
 

Terminology around 
“machine,” “vehicle,” 
and “equipment”  

Consider clearer definitions of “machine” and “vehicle” in the next version. 
Noted that machine is the accepted term in many standards (European ones 
singled out), but that vehicle (as in “BEV”) is much more widely used in day-
to-day when talking about this topic. Consider the term “equipment” too in 
these discussions and in which contexts each should be and should not be 
used. 
 

General 
structure 

Further refinement of 
the guideline to reduce 
details that are not 
specific to BEVs, 
repetitive content, and 
bring it down to the key 
guidance  
 

Some restructuring was done in v3 to achieve this, but a lot more could still 
be done in future versions. This would include removing or combining some 
more of the content that is not specific to BEVs, re-assessing and 
reorganizing some sections that still have repetitive content, more cohesive 
connections between different sections, etc.  

General 
approach 

Critical assessment of 
standards throughout 
the guideline 

There were concerns that version 2 was too prescriptive and not all 
standards referenced were the appropriate ones. Version 3 updates included 
some refinement and updating here as well as clear statements that the 
guideline is not prescribing these standards. However, further work could be 
done to assess current references for their applicability.  
 
There is a need to look at other regional standards because things are evolving 
rapidly in other regions. 
 
Many standards are also out of date even at the time of publication. 

 

SECTION 2. GENERAL BACKGROUND 

Reference Parking Lot Item Explanation 
General Balance in this section Throughout development, a few participants have noted an over-emphasis 

on the ventilation benefits and emphasis on benefits overall. This section is 
intended as a general non-comprehensive primer (not providing specific 
guidance). It has been revised significantly since version 2 to address issues 
such as bias, repetition, and unclear structure, but it is still not perfectly 
balanced. 
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SECTION 3. BUSINESS CASE 

Reference Parking Lot Item Explanation 
Overall for the 
section 

Guidance on how to calculate and 
compare total cost of ownership 
(TCO) for BEVs? 

Discussed during development and also a widely discussed topic 
at the 2022 Electric Mine Conference 

Table 3.1 Addition of Section called “Sustaining 
and Closure Capital” with two points: 

• Difference in lifecycle of the 
vehicles, batteries and 
infrastructure compared to 
conventional diesel mine 

• Difference in sustaining and 
closure costs:  recycling of 
batteries, disposal of 
batteries, disposal of 
vehicles, resale potential 

 

This was a review comment noted as a valid point, but to enable 
a timely release of the guideline it was decided to parking lot the 
addition and more detailed end-of-life considerations until the 
next version 

 

SECTION 4. MINE DESIGN AND OPERATIONS 

Reference Parking Lot Item Explanation 
Section 4.5 
Mobile Electric 
Equipment 

Improve focus of the subsection Some participants have questioned the role of this section within 
the overall guideline because some subsections provide 
guidance while others just list features of equipment. It could 
potentially be revised to have a clearer focus or combined with 
others   

Section 4.6  Rework of this subsection  Early in content generation, it was noted that this section was in 
need of an overhaul. While some adjustments were made, it 
could still use some structural and logical refinement, more 
careful consideration of what is covered here versus the 
charging systems and charging and connection interfaces 
sections 

Section 4.8 
Battery and 
Fire Safety 

Expansion of this subsection, which is 
new to version 3 

As a newer section in version 3, the focus was really on 
emergency response and making sure the guidance was 
generalized to diverse regulatory jurisdictions. There is also still 
some repetitive content with Section 6, so further refinement 
there could also be helpful. 
 
Further guidance that focuses on prevention was identified as an 
area of expansion for future versions. Some of the 
recommended expansions in Section 6 Energy Storage Systems 
could also be applied here. 
 
While being careful not to be detailed because regulations are 
variable, more detail on oxygen generating self-rescue devices, 
fire doors, and keeping all the BEV’s in the exhaust of the mine 
unless it can be demonstrated with real proof (not just words) by 
the manufacturer that the equipment is safe. 
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Section 4.8 
Battery and 
Fire Safety  

An educational piece on battery 
technology and applicable firefighting 

Providing a practical method for firefighting is out of the scope 
of the guideline. It varies significantly by region so it can be 
difficult to try to address in a global guideline. Firefighting can 
also be looked at as a standard rather than a guideline so careful 
consideration is needed. 

 

SECTION 5. BEV DESIGN 

Reference Parking Lot Item Explanation 
Section 5.3 
HVDC 
Electrical 
System 

Reconsideration of how High Voltage 
is defined in this section and 
throughout the guideline:  

Current text in Section 5.3 is: 
“The term high voltage is not universally defined and can vary 
between jurisdictions as well as between industries and trades. 
For the purposes of this document, high voltage refers to the 
nominal voltage produced by the main batteries on-board the 
vehicle, which typically ranges from 200 to 1000 VDC.” 
 
Comment: 
 
The current definition is very general, but there are some 
standard accepted ones.  
This definition of high voltage is well accepted and standard in 
automotive community: HV- High Voltage - Voltage class B DC-
voltage 60V_DC < V < 1500V_DC / AC-voltage 30V_AC < V < 
1000V_ACDC < 1500 V is low voltage. 60 – 1500 V can be called 
Hazardous Voltage, but not High Voltage (unfortunately both are 
called HV). 
 
This was an area where there wasn’t a lot of agreement among 
the group during development. 
 
Related re. HVDC: • HVIL: It should be called Hazardous 
Voltage Interlock loop, not High Voltage, since DC voltage under 
1 500 V (BEV voltage is normally 400-800 V) is low voltage. 

Section 5.6 
Drivetrain 

Addition of content Providing additional content on what system could provide 
better energy efficiency or minimize energy losses. 

Additions Further information on the main 
controller and communications.  

Subsections were recommended to add during v3 development, 
but they weren’t prioritized in finalization.  

General 
structure, 
content 

Level of detail  Noted during development as too detailed for purpose of the 
guideline – what is specific to mining BEVs? What is general 
information?  

 

SECTION 6. ENERGY STORAGE SYSTEMS 

Reference Parking Lot Item Explanation 
Overall More discussion of non-LIB 

chemistries, technological evolution 
of batteries 

Technological evolution of batteries (non flammable, 
improvements to LIBs), discussion of what is the “best” 
chemistry (LFP, NMC, LTO). These topics were discussed 
throughout development but were not mature enough to 
provide clear guidance. 
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One note from development was that it would be helpful to 
have the following guidance: Something summarizing an 
overarching safety approach to different styles of batteries / 
battery chemistries that would include more explanation of 
different types of chemistries, things to consider. It is hard to 
nail down all chemistries underground, especially due to rate 
new chemistries is introduced. Something higher level that 
should leave to OEM to provide set of guidelines and 
characteristics on their battery 
 

Overall Section too long and detailed  The guideline is to inform about BEV in underground use, not a 
detailed schoolbook about batteries. It is easy to google general 
information about Li-Ion batteries, the guideline should focus on 
how to use them in BEV underground. 

Section 6.2 
Background on 
Battery Types  

Description of pros and cons of 
pouch type and small cylindrical cells  

There are a lot of pros and cons available for both the pouch 
type and small cylindrical cells. At the time of version 3 the 
group agreed not to recommend a specific approach but in the 
next version it could be useful. 
 

Section 6.3.7 
Extreme 
Temperature 
Conditions (and 
also 6.4.3 LIB 
Chemistry and 
Thermal 
Runaway) 

Potential addition on thermal 
runaway and what happens when it 
occurs  

The below comment is currently too detailed to be covered in 
this version. The next version should also include more detail on 
feedback on automatic charging.  
 
Comment from review: When thermal runaway happens, the 
heat will intensify the combustion. Although chemical reaction 
of the electrolyte can produce oxygen, but the oxygen is not 
enough to support the combustion, the oxygen in the air will 
help the combustion, so the temperature will become higher. So, 
we do some test, isolate the air, the battery can not contact the 
air, so the chemical reaction will slow down. We use inert gases 
to protect the battery, when thermal runaway happens, the 
temperature does not get the higher temperature that battery 
can contact the air.  

Section 6.4 
Safety 
Requirements 

More focus on that battery safety is 
about the system, not just battery 
chemistry 

This was a discussion throughout development. While some 
content was reworked (here and in Section 4.8), further 
discussion and work could be done in the relevant sections to 
refocus in this way. 
 

Section 6.4 
Safety 
Requirements   
 

Additional text on fire safety and 
specific battery designs 

The specific designs could be framed in terms of informing about 
and considering the hazards in Section 6.4 
 

Addition Addition and further experience on 
automatic charging systems to 
enable more content in version 4.    

Reviewer comment: There is not very much content for 
explosion performance and two important pieces of content that 
should be included are:  

• Explosion protection (protection method of battery) 
• The charger, method, and structure of charger 

Addition Impact on battery life from different 
use patterns 

Identified as an area of expansion at the Electric Mine 
Conference 2022.   
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References More current references References to research 2011 – Should be replaced with more 
current research or deleted. 2011 is a long time ago in Li-Ion 
battery history. 

 

SECTION 7. CHARGING SYSTEMS AND METHODS 

Reference Parking Lot Item Explanation 
Overall Clearer definitions of fast and slow 

charging, or other power levels if 
possible 

Currently, this is changing too rapidly to provide general 
guidance. Guideline currently uses generic descriptions of fast 
and slow and references a CharIN source. Decided in content 
finalization. Any change here would also require changes in 
other sections of the guideline that refer to fast and slow 
charging.  

Overall Consistency with other related 
sections 

Further consideration of how to better optimize the charging 
infrastructure subsection under Mine Design and Operations, 
this section, and the Types of Charging and Connection 
Interfaces section (which was separated out from this section in 
v3 since it deals with both the charger and the vehicle). There is 
still some repetitive content or content that might not be in the 
best location between these three sections. Some adjustments 
were made in development, but more through restructure could 
be required in the future.  

Section 7.2 More detail on the charger and 
protection level available with lithium 
batteries.  

Reviewer comment: The charger should have double protection 
ability to protect the Lithium battery. When charging, output 
voltage is bigger than the Max. charging voltage of the Lithium 
battery, or the output current is bigger than current needed by 
the Lithium battery, the charger should disconnect the DC 
output in 1S, and provide the warning sign. 

 

SECTION 8. TYPES OF CHARGING AND CONNECTION INTERFACES 

Reference Parking Lot Item Explanation 
Section 
8.3.2.1, Figures 
8.1-8.3 

Clarity on top-down and bottom-up 
text differentiation   

Figure 8.1 could benefit from some text differentiating top-down 
and bottom-up. Figures 8.2 and 8.3 further confuse the 
definitions.  

 

SECTION 9. PERFORMANCE STANDARDS 

Reference Parking Lot Item Explanation 
Overall Level of detail  Noted during development as too detailed for purpose of the 

guideline – what is specific to mining BEVs? What is general 
information? 

Overall Addition of a conclusion including 
roles and responsibilities  

More detail and discussion on roles and responsibilities with 
consideration around how they might be divided up for different 
projects in future versions is warranted.  
 
It could also be beneficial to include a conclusion summarizing 
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who are the parties involved and who provides what and to who 
to help tie it together. 

Overall Placement and connection to other 
sections  

Some discussion in development about this section being more 
connected to Mine Design and Operations and maybe fitting 
better earlier in the guideline or even being combined with other 
sections. No concrete decisions were taken for version 3.  

Section 9.2 A day in the life of a BEV and life of a 
battery 

Something about a day in the life of a BEV and a day in the life of 
a battery. It may not necessarily fit in a guideline but can be 
considered as a complementary piece (e.g., white paper). 

Table 9.4  Could be updated in the future with 
real examples of tested data  

Currently everything in this table is “estimated” but some 
participants have been doing tests that could bolster the 
example in the future. 

Section 9.4  Detail added to subsection Reviewer comment: This section doesn’t provide many details 
about the parameters impacting the battery life (Chemistry, 
DOD, temperature, charging and discharge rate, etc.) that could 
impact the charging philosophy to adopt and the battery / 
equipment selection.  

Table 9.9 Clarity around “seat time”  A reviewer questioned the term. The content should be 
reconsidered in next version because in the future equipment 
might be automated thus seat time will lose its meaning.  
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