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Hydrogen Mine Introduction Initiative
(HMII) Waiver / Disclaimer

“…   Participants, Advisors, and Project members of the 
Hydrogen Mine Introduction Initiative (HMII), provide 
no warranty or guarantee in any way whatsoever with 
respect to the safety, security, reliability, or efficacy of respect to the safety, security, reliability, or efficacy of 
the equipment, products, supplies, systems, 
processes, procedures, results, hypotheses, 
conclusions, recommendations (collectively called the 
“Output”) of the HMII, including the current 
communication.  Each and every Party who applies 
or relies on the “Output” of the HMII in any way does 
so entirely at their own risk.   …”



Technology - Current 
Applications

• space missions
• submarines
• city buses, commuter trains
• large power plants
• residential
• fork lifts, switchyard trains

• mining set to gain benefits 



Immediate Issues and OpportunitiesImmediate Issues and Opportunities

• Green House Gases (GHG)
– Canadian metal mining extraction (underground and open pit) produces 

3.7 MT CO2/year
� 1.0 MT/year of CO2 would be eliminated (25%)

• Health 
– need to establish a long-term solution to diesel exhaust
– regulatory directions

• Operating Costs
– diesel equipment, maintenance, downtime, automation
– ventilation costs (40% of underground metal minesite electrical 

consumption)
� reduction in ventilation, natural gas (~10% in site electrical and energy bill,  

~0.3-1.0 $M/year)
� lower maintenance costs, higher reliability
� automation, tele-remote operation improved

– regulatory directions
� Fuel cells offer a total solution, reducing heat and noise 

generation as well as eliminating all emissions



Ventilation Savings StudyVentilation Savings Study

1010
minesmines

Lucky Friday

silver-lead-zinc
476 tpd
225,000 cfm
5,700’ deep

$82k/y
(15%)

Galena

silver-copper
725 tpd
175,000 cfm
5,500’ deep

$124k/y
(43%)

Deep Post

gold 
1,360 tpd
850,000 cfm
4,000’ deep

$815k/y 
(57%)

Henderson

molybdenum
20,800 tpd
2,100,000 cfm
2,000’ deep

$522k/y
(20%)

Meikle-
Rodeo

gold 
4,000 tpd
1,775,000 cfm
1,750’ deep

$1,060k/y
(29%)

United 
States

7 7 
minesmines

Creighton
-Deep

base metal
1,500 tpd
752,000 cfm
>7,000’ deep

$1,200k/y
(20%)

Creighton-
Shallow

base metal
2,500 tpd
528,000 cfm
<7,000’ deep

$1,900/y
(38%)

Agnico-
Eagle

gold
7,000 tpd
1,490,000 cfm
7,300’ deep

$1,150k/y
(27%)

Louvicourt

gold
4,500 tpd
820,000 cfm
3,000’ deep

$428k/y
(25%)

Holloway

gold
2,500 tpd
408,000 cfm
2,100’ deep

$222k/y
(28%)

Canada



Annual operating cost comparison 8 LHD’s, Louvicourt.

Diesel
Fuel cell-hybrid

Difference between diesel
and fuel cell-hybrid

Operation

maintenance, fuel, hydride
bed cooling $ 2,502,740 $   3,016,500  $    (513,760)

ventilation $ 2,194,800 $ 1,6401,000 $      553,800

TOTAL $ 4,697,540 $   4,657,500 $        40,040

Comparative Operating and Comparative Operating and 
Capital Costs for Mine LoadersCapital Costs for Mine Loaders

Diesel loader capital costs 8 LHD’s, Louvicourt.

Tanks, delivery system, pumps, stations, excavations, extinguishing systems,
ventilation systems

$     666,100

8 LHD’s, 8yd3 $ 5,812,000

TOTAL $ 6,478,100   

Surface storage tanks, delivery system, monitoring equipment, filling stations,
excavations, extinguishing systems, ventilation systems

$      338,280

8 LHD’s, 8yd3 $ 11,974,000

TOTAL $ 12,312,280

Fuel cell hybrid loader capital costs, 8 LHD’s Louvicourt



POWER RANGE

Underground Vehicles

• Mine loco 15-75 kW

• Light duty 50-100 kW

• LHD 150-300 kW

Proof of Concept Projects
•Impact of underground environment on fuel cells (C)

• Mine vehicle duty cycles (C)

• Risk evaluation methodology (C)

• Cost-benefit analysis (C)

• Mine production locomotive (C)

• Locomotive automation design, long-term testing (C)

Hydrogen Mine InitiativeHydrogen Mine Initiative

• LHD 150-300 kW

• Truck 300-500 kW

• Locomotive automation design, long-term testing (C)

• Mine production loader (C)

• Light duty mine vehicle

Introduction Projects
• Hydrogen production and delivery (S)

• Commercial hydrogen production

• Mining regulation development (S)

• Partial fleet testing at a mine site

• Maintenance training program
C=completed S=started



Completed Projects

12 partners
$2.4M value (U.S. DOE, NRCan ETP, Canada Action Plan 2000  

Climate Change, Placer Dome funding, task shared)
• Evaluate reliability, response, practicality, productivity and safety aspects 

in representative underground conditions
• Compare to conventional battery locomotive for same tests

Locomotive  2000-02

• Compare to conventional battery locomotive for same tests
• Familiarization for stakeholders
• Laying groundwork for 

other vehicle development 
• Regulatory 

tests performed
• Full field tests  

performed at 2 minesites 
• Reliability/automation
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Phase 1 - 2001-2003
• mine safe refueling system (C)

Underground LoaderUnderground Loader

Phase 2 - 2004-2008
• power plant assembly, testing (C)
• drive train testing and assembly (C) 
• power system integration (C)
• risk assessment (C)
• field tests (C)

Caterpillar R1300
• mine safe refueling system (C)
• electrolysis plant site test (C)
• cost benefit analysis, GHG study (C)
• preliminary design (C)



Loader Design Basis Loader Design Basis 

• Hybrid: 90 kW fuel cells, 70 kW NiMH batteries

•High but short power peaks (e.g. mucking, ramp)

•Fuel cells give baseline power, batteries top up for peak

•Ability to recover some battery charge during regenerative breaking

•Complete recharge by fuel cells during baseline power use



Power Module with Fuelcell Stacks in Middle and NiMH Batteries Lower Left



NiMH Batteries – 108 each, 12V, 9 AH Batteries Equaling 672 VDC, 18 AH, 12 kWH Total



Loader Design basis (ctd)Loader Design basis (ctd)

Vehicle Operation Requirements

• 8 hour shift duration

• 15 min. refueling 

• 15% ramp travel

• Continuous and peak power availability

• Resistance to dust, shock and vibration
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Shock and Vibration - April 25, 2002
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R1300 Diesel Loader at Newmont’s Deep Post Mine in Nevada



Underground LoaderUnderground Loader

Power Plant Specifications

• Fuel cells and rechargeable batteries for power

• 14 kg of hydrogen, 8 hr shift 

• Hydride bed storage 

Power plant block diagram

• Series of PLC function controllers, reporting to   
central driver interface controller

C A T
O p e ra to r
In te r fa c e

C o n tro lle r s

F u e l C e ll
E n g in e

C o n tro lle r
F u e l C e ll

P o w e r  P la n t

B a tte ry  P a c k

8 0  k W  D C /
D C

c o n v e r te r

T ra c t io n
M o to r

C o n t ro lle r
H y d ra u lic

M o to r
C o n tro lle r

5  k W  D C /D C
c o n v e r te r

S a fe ty
In te r lo c k
S w itc h e s



Loader Design BasisLoader Design Basis

Motors and Power Train 

• Weight and space limitations

• 3 speeds

• 4 wheel drive Torque converter
Drop box

Drive group Engine

Planetary group Traction motor

Transmission

• Power application

• Independent traction (400kW) and 
hydraulic (100kW) motors

• The front and rear drive shafts transmit 
power to each axle

• Differential equalizes torque, wheels 
rotate independently with steering

• Performance better in torque, equal in 
speed to diesel version

Drop box

Planetary group Traction motor

H2
Power Plant

Power delivery 
configurations 

considered



DRS 450 hp DC Permanent Magnet 
Traction Motor (lower front) with 
Saminco Motor Controller and 
Contactors Installed in Loader at 
Caterpillar

Hydraulic motor next to cab



Power Module and Metal-Hydride Module Installed in Loader at 
Caterpillar Hydride bed tube manifolds



Loader Testing Loader Testing 



Proof of concept

Types of vehicles

Partial fleet testing
in production

Cost-benefit

Industry Requirements for IntroductionIndustry Requirements for Introduction

Safety 
training

Mine

regulations

Duty cycles

Hydrogen production 
and delivery



Introduction Projects



Stacks

Air Pumps

Water Pumps

Technology

Proton exchange membrane fuel cell

Hydride Bed

Water Pumps

Batteries

Radiator &

Water Tanks

Power plant
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Mine
•dust, gasses

•Hydrogen will be stored in low       
pressure, low flammability metal 
hydride powder

•Hydrogen in system/fuel cells very    
small

• Safety risk: at or lower than diesel

Power plant
•controller
•connections
•software
•maintenance/procedures

Risk Evaluation (locomotivelocomotive)

•dust, gasses
•rockfalls
•fires
•sparking/ignition
•impacts

External
•operator error/vandalism
•transportation/damage
•refueling/station
•freeze-ups
•lightning

85 moderate risks

33 low risks

2 high risks



Preliminary Risk Evaluation Test Chamber Trials 



Hydrogen Production Hydrogen Production 
and Delivery Demonstrationand Delivery Demonstration



Hydrogen Production Type and CostHydrogen Production Type and CostReforming

��������	
����
��������������������
����

Liquid Hydrogen

���� ���� ���� �� ���� 	��� 
��� ���� ���� ��� ��� ��� ���

��������	
��
���	���������

�
� �
� ������������

Gas Hydrogen

Electrolysis



• International Mining Conferences
• 1st International Symposium on Fuel Cells Applied to Mining, 2007
• Hydrogen Safety Conference, 2007

Technology Transfer Technology Transfer 

• U.S. DOE Fuel Cell Program Review, 2008
• CIM Conferences



Market Issues Market Issues 

• Industry push or pull ?

• Availability of power plant manufacturing capacity

• Rate of technology advances• Rate of technology advances

• Fuel cell, hydrogen production and storage product support

• Direction and evolution of automobile market

• Retrofit and new equipment designs



Hydrogen production and delivery

? Delivery of compressed hydrogen containers, hydride beds

? Direct vehicle refueling piping system from surface to underground

? Filling of hydrogen containers, beds, underground

? Hydrogen produced on surface or underground (electrolyzer, reformer)

Industry Requirements for IntroductionIndustry Requirements for Introduction

• Regulatory context 

• Long-term cost security

• Operational context

• Requirement for 400- 800 kg H2/day

• Rapid refueling

• Refueling points

• Number of production units



Mining Equipment Mining Equipment –– Alternative Alternative 
EnergyEnergy

Launch of a Hydrogen Mine Introduction Initiative - HMII (Phase 1: 2009–
2010) to develop norms and standards to support future regulations for 
technology application in mining operations:
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Technical Advisory Committee Stakeholders FacilitatorsTechnical 
Committee

Advisory Committee Stakeholders Facilitators

Air Liquide
Barrick
IAMGOLD
Vale INCO
Xstrata Nickel

Raglan

A.V.Tchouvelev & Associates 
Hatch
Université du Québec à 

Trois-Rivières, IRH
Paceas Technologies
Washington Safety and 

Management Systems

Chief Inspectors
MSHA
Trade Unions
Equipment 
Manufacturers

SOREDEM
CANMET-MMSL



• H2 Norms (ISO), codes, standards

• Mine regulations

• Codes of Practice
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New Consortium to Develop Norms and StandardsNew Consortium to Develop Norms and Standards

• Risk Mitigation

• Emergency Response

• H2 Technology

• H2 Research, hydrogen behaviour

• H2 Storage, Transportation and Production
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New Consortium to Develop Norms and StandardsNew Consortium to Develop Norms and Standards

2010 2011

Project 1
Relevant codes and 
standards

Go/no-go

Project 2
Safety procedures 
for field trials

Go/no-goGo/no-go

Project 3
Basic hydrogen and 
technology testing
(surface)

Project 4
Evaluation of 
results and 
preliminary 
derivation of norms 
and standards

Go/no-go
for underground 
testing



• Comments are favorable for carrying out this work in the continued effort to 
provide alternatives to diesel for underground vehicle power

• Chief Inspectors ready to play a consultative role and, given the availability of 

FeedbackFeedback from the Chief Inspectorsfrom the Chief Inspectors

• Chief Inspectors ready to play a consultative role and, given the availability of 
data, norms, standards, emergency response, training, the chief inspectors are 
in favour of developing the required regulation for hydrogen power application in 
underground metal mines



• Fuel cell technology is being applied to power mine production vehicles
• It addresses four important industry issues

– improved health benefits
– automation, higher productivity, lower mine costs
– reductions in GHG’s
– reduction in energy consumption (electricity, natural gas, diesel)

SummarySummary

– reduction in energy consumption (electricity, natural gas, diesel)

• Mine stakeholders, mine regulators, technology developers and 
governments are participating 

• Proof of concept projects completed, show high potential for use
• Issues to meet operational requirements being addressed: hydrogen 

production, delivery and storage, mine regulations, hydrogen behaviour 
underground



Thank 
You


