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_Drivers for Cleaner Energy Application

Workplace health
* New generation of diesel engines to meet cleaner air requirements (EPA Tier 4 — in effect 2015)

« Fuel cells offer a total solution, noise generation, vehicle heat load in deep mines, as well as
eliminating all emissions

Rising oil prices

S7P1- 1



MDEC 2011

Clean Solutions

*Technological readiness

*Power plant design

Canada
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Diesel Technology Advantages | Disadvantages
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Diesel-Rechargeable Batteries
Hybrid Operation

Advantages | Disadvantages

. Reduced fuel GHG’s
consumption

Lower heat release
deep mines)
i
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Hydrogen Fuel Cells

Advantages | Disadvantages
Low noise Fuel Cost

Displacement High diffusivity and
flexibili flammability

Capital cost

Hydrogen Fuel Cell -
Rechargeable Batteries

Advantages | Disadvantages
Fuel Cost
High diffusivity and
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Advantages

Disadvantages

Low noise Fuel Cost
Displacement High diffusivity and
flexibility flammability

llutants High capital cost
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FIGURE 1. Hydrogen-powered wehicle and experimental setup.

Lithium lon Batteries

Advantages | Historical
Disadvantages

Heat caused cell rupture
ell controlled now???
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Purpose of the Article

«Stages of clean diesel and alternate technology readiness, anticipated evolution

*Applicability to underground metal mine production vehicles

*Basic energy use issues: power storage, energy efficienc perational functioning

Canada

19
‘Wagnar ST1010 diesel powsred LHD vehicla from transfar raise|

Canada
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Technology

Overall Power | Hybridization and Mining Shock, Impact, | Production
Plant Recharge Service Mine enhancement
Efficiency Environment
Resistance
Clean Diesel Max 35% 25% None Universal No special Reliability
requirements
Diesel- i 1 Vehicle should More torque from

electric motor

battery

motors help
production

Application

Maximum time in | Loader Refueling Operation and Power Plant | Maintenance
continuous Refueling | Infrastructure Maintenance Complexity Maintenance | Requirements
production Time Location

(before refueling)
Clean 8-10 hrs

5 min Established No special re Underground No special

requirements

‘Same as
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Loader Operation Regulatory

Status

50% battery data
level :

Risk Risk Mitigation Mine Application Specific Meets EPA
Characterizing Norms and Regulations | Tier 4
Standards Emissions
Clean Established Established Established Established Established Established
Diesel
Diesel- Prototype loader 80% data level Lower vehicle None No With dedicated
battery tested performances if necessary Tier 4 engine

i

Y_es

ventilation
possible)

Loader Power Costs

ent Day Fuel Storage Fuel Delivery On Board Storage Fuel,
Power Plant and Refuelling | Infrastructure Medium Average
3 year Trend Station Loader 8 hr
(surface, Shift
underground)
$100/kW; $460K $90K Current fuel
$135/kW Tier 4 pricing
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Partial fleet testing
in production
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Cost-benefit

Fuel production
and delivery
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Safety
training
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On Site Hydrogen Storage and Distribution - Underground
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fuel cell back-up power

300 psi H,

Surface

Y

storage tank

Underground

300 psi H,

- 150 psi H,
- =i

N\

L/ v

refueling

v

YV hydrogen
sensor

S7P1- 9



MDEC 2011

Conclusions

All technologies have or can theoretically be configured to power existing mine production
vehicles for current production needs

All technologies will meet or exceed EPA Tier 4 regulations, but significant ventilation savings
are possible for the alternative energies

There is a limit as to the toxic emissions reductions possible from carbon-based fuels

There is insufficient testing to define the lifespan and performance of alternate energy power
plants but less maintenance is anticipated

All alternate technologies, except for hydrogen IC, will be allowed underground

The regulatory approval process for alternate energy application will be longer than the
configuration and testing of pre-commercial power plant design

Current material research is producing more efficient and cheaper alternate energy systems
which will match clean diesel engine cost in the timeframe required for alternate energy
application regulatory development

There is currently insufficient alternate energy power plant manufacturing capacity to meet
mine production vehicle requirements

Studies are required to the best power application for various types of mining methods,
depths and mine types, to optimise the mix energy options

Thank
You
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Hydrogen Mine Initiative, Underground

Proof of Concept Projects POWER RANGE
<Impact of underground environment on fuel cells (C) Underground Vehicles
* Mine vehicle duty cycles (C)

« Risk evaluation methodology (C) ® Mine loco 15-75 kW

« Cost-benefit analysis (C) ight duty 50-100 kW
* Mine production locomoti "

Comparative Operating and Capital Costs
for Underground Mine Loaders

Annual operating cost comparison 8 LHD’s. Louvicourt.

Difference between diesel

peeleelbbvbiid and fuel cell-hybrid

Diesel

Operation

maintenance, fuel, hydride
bed cooling

$2,722,390 $ 3,016,500 (513,760)

ventilation

$6, 508,100

Canada
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