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Immediate Issues and Opportunities

Underground

* Green House Gases (GHG): 1.0 MT/year of underground CO, eliminated from the 3.7
MT/year underground + open pit mining

Health: Fuel cells offer a total solution, noise generation,
as well as eliminating all emissi

icle heat load in deep mines,

=

Canada
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Road Map Objectives

» Within 3 years provide industry with proven and regulated turnkey electric
power replacements for underground diesel mining vehicles

Take advantagg of re =fficiencies ( ion, vehicle controls,

-

Canada

Main Issues With Clean Energy Solutions

Clean Diesel

Diesel-Battery
Moderate capital cost

Moderate ventilation

Moderate heat release

[

Safety issues
Fuel cost

High capital cost

Maintaining charge

Time in service
Highest capital cost

Limited industrial application

S4P3 - 2
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Clean Energy Application Readiness

Canada

* space missions
* submarines
city buses
large power plants
* residential
« fork lifts, switchyard trains
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Proof of Concept Projects POWER RANGE

sImpact 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) _ ht d 50-100 kKW

» Mine produc

Hydrogen Mine Initiative, Underground

Hydrogen Power Application Considerations

Open Pit
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Fuel Cell-Rechargeable Loader Testing

Canada

Loader Design Basis
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‘Wagner ST1010 dissel powsred LHD vshicls from fransfer raise)

260 = == “
B Ehed Fiat < Dowrrarmg - Flat Flat - Upramp - Flat.
. 12
« Fuel cells and rechargeable batteries ol - —
g 0
* 14 kg, 8 hour shift duration 1 h i JW \L
. ol 104 i | Ui L
« Metal hydride hydrogen storage i : i ‘f(v E;
. 100 — ==k 1 L]
*Programmable PLC's for functions, central
operator control /]U i
50 F ] — Power
« 15 min. refueling w ==yl
) 4 ey :
. w P = pe
Traction
Hydraulic Motor
Motor CAT Controller
F ; Controller ﬁ‘l[‘:r":‘:;
! Controllers
400VBus T I 800 V Bus Tl':::malnnd I
Motors
W Fuel Cell
4 FuelCell Engine Battery Pack
Power Plant Controller
Batlery Pack
150 KW peak,
18 kvh
600-800 / \ 80 kW DG/
m ® convertor converter

S4P3 - 5



MDEC 2012

Comparative Operating and Capital Costs for
Underground Mine Loaders
(2011)

Annual operating cost comparison 8 LHD’s, Louvicourt.

1 Difference between diesel
Diesel BelcelLbvbud and fuel cell-hybrid
Operation
maintenance, fuel, hydride
bed cooling $2,722,390 $ 3,016,500 $ (513,760)
ventilation $2,194,800 $1,6401,000 80

TOTAL 8 25960

$ 6, 508,100

Canada

_nfrastructurs
~ Demonstration Projects |

T
Partial Fleet Testing

Introduction Projects

Canada
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Hydrogen Mine Introduction Initiative Consortium

Funding: $800K
In-Kind: $625K (industry & stakeholders)

Technical Advisory Stakeholders
Committee Committee

Barrick
Goldcorp
IAMGOLD

AECOM
Hydroa

actors of Mines, Canada

Canada

HMII Projects

1- Applicable norms and standards,
expertise, mining regulations
(completed)

>Go

2- Risk management, safety for
project 3 tests
(completed)

fuel cell back-up
powier

Surface

storage tanks

exhaust
raisa

Underground

300 psi

Zydmgen

sensor

Hydrogen
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Road Map Activities

eConcordance with corporate strategies

Status and gaps clean diesel vehicles projects

Canada

ELECTRIC VEHICLES CLEAN DIESEL

Parameters and range of values
associated with diesel

Industry direction: reduction or zero emissions
(getting away from DPM-based regulations)

Results-driven goals versus
capabilities of new diesel engines

Impacting outside regulatory changes,

Ventilation, climatization,
control trends

Comparison
Industry performance targets: green energy application and energy efficiency target

Go/No Go

Formula to fully integrate green mining energy into production plans

S4P3 - 8
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Road Map Initiative Structure

|

Canada

e Agnico Eagle
* Anglo American
e Barrick Gold

Initial Targeted Mining Companies

Newmont
e PCS

|

Canada
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Presentations to Date

GOLDCORP
IAMGOLD

|

Canada

Feedback from the Chief Inspectors
(Underground Application)

 Comments are favorable

for carrying out this work in the continued
effort to provide alternati el for un e

aerg

Canada
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Considerations and Conclusions

Alternative power technologies are routinely used in surface vehicles
There is a limit as to the toxic emissions reductions possible from carbon-based
fuels

Alternative power addresses four important industry issues
— improved health benefits
— automation, higher productivity, lower mine costs

Canada

Considerations and Conclusions
(ctd)

*There are issues with all alternate technologies but these can be addressed in the short- to
medium-term

«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

«All relevant technologies ha

g capacity to meet

Canada
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Thank
You

M
Natural Resources  Ressources naturelles ('— N - d.
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