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Introduction

* Canadian Hydrogen Strategy published late 2020

— Net-Zero Emission goals
¢ 2030 > Intermediate
¢ 2050 - Ultimate

* Heavy duty and production diesel-powered vehicle

— Surface
¢ Follows other industries developments
e Very large quantity H, (production, refueling, on-board storage)

— Underground
* Requires specific codes, standards and regulation
¢ More challenges and uncertainty (confined environment, distribution, refueling)

* CanmetMINING CSR gap analysis as a result of a prefeasibility study on a 50 t
underground FCEV

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2019

)
I *I MNatural Resources  Ressources naturelles Canadlét

Canada Canada

S1Pa- 1



MDEC 2021

CHIM Roadmap 2010 —2030 $H,

Storags Ref . Safe
infr ire : hydrogen
on site feed Emissi
A mission-

free
Power system vehicles
R y FCEV FCEV fleet .
Storage lemonstration integration c
g
Optimized °
Heating Ventilation Building E;:atmllrf; Recycling E E
oA = 2050
applications heater heaters e energy g = 2050
5 8 Toward
lectricity fo &2 Net-Zero
Energy Electricity Ee;tlel:;rti\:j 5 Mobile ‘_; @ Emission
2 S £
management generation - generators 3 g
i1
E
@
=

Mine
Regulations

Introduction of FCEVs in mines

* Hydrogen infrastructure

* Hydrogen refueling station
* Canadian Permitting Guide for surface Hydrogen Refueling Stations (HRS) — 2019 referenced

* BNQ is expected to publish the 2nd edition of the Canadian Hydrogen Installation Code (CHIC) —
2021, with a dedicated underground mining section

— Surface

— Underground
* No overall or component design recommendations for underground refueling stations existed
* Significant uncertainties identified
* Anin-depth mine design approach is required in order to complement the CHIC requirements
* Fuel Cell Electric Vehicles (FCEVs)
— OEM challenges
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development is in place

Current project

dispensing operating protocols
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Safety Issues Are Mitigated

*  Stability of underground refueling station excavations

*  Application of Ontario and Quebec mining regulations

*  Application of the Canadian Hydrogen Installation Code

e The universally adopted underground pipeline distribution regulation, risk mitigation and CSA code

*  Hydrogen infrastructure equipment adopted already meets codes and standards
*  Computational Fluid Dynamics modelling used to adopt safest station ventilation, dimensions and

* Installation and operation of station part of mine safety plan
* Safety issues identified, can be mitigated; mine regulations, codes and standards required

Canada

Conceptual Layout for Underground Use

Dedicated production or
storage of hydrogen on
the surface delivering H2
underground with

pipelines at high pressure

(6,200 psi), dispensing
fuel within designed fuel J
bays.
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Fuel Consumption Estimates
| sotontruck |

Nominal power 515 kW

Fuel tank 840 litres

Average fuel consumption 46 litres/hour
| Diesel | Hydogen |

Specific energy 32.8 kWh/gal 33.3 kWh/kg

Efficiency 25% 50 %

Ratio 3.78 litres (1 gal) lkg

Diesel consumption

Idle 351/hx32% x 8h 90 I/shift
Working 48 I/h x 68% x 8h 260 I/shift
Total 350 I/shift
' H2 Storage required on-board 260 1/3.78 x 50% 34 kg/shift
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Estimates of On-site Production

Refueling protocol:
about 1 kg/min
or

5 storage container of 8 by 2’ in dia., which 30 min for full tank.

contains 7 kg of H2 each for a total of 34 kg of H2

Estimated residual of H2 is 4 kg

Estimated 15 trucks in a typical mine

9

30 kg x 15 trucks = say 500 kg H, / shift or 1000 kg/day x a safety factor of 30% => 1,300 kg/day of H2 in total

> <

Theoretical equivalent up to 10 tons/day of 02 = 32,000 trees
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H, SUPPLY OPTIONS

<500 km
G a S L 200 kg H2 / Truck (6.5 per days!)

<100 kg/day
Li q u id L4 3 500 kg HZ / TrUCk (every 2.7 days!) !
Studied Scenarios from

On-Site B 500.2500 kg H,/day

Other ®

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2019

e Electrolysers

[ Ld
I * Natural Resources Ressources naturelles Canada
Canada Canada

ON-SITE H, PRODUCTION
WITH ELECTROLYSERS

Estimated CAPEX 10 M$
for a 4 MW infrastructure

4 Redundancy Scenarios
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H, U/G Supply

Declined options

*  Option 1: In ventilation raise
— To hazardous, no or limited access, etc
*  Option 2: In dedicated 200mm borehole

— Need very long and precise hole, multiple drilling setups, technical means to
support H, tubing inside the borehole, issue for
inspection/maintenance/repair, etc

Proposed solution

* Option 3: In the main shaft
— Simpler, cost effective
— Runinto a protected area with protective case for added safety
— Using same method to run SS tubing as electrical cables
—  SS tubing supported every 6

© Her Majesty the Queen in Right of Canada, as represented by the Minister of Natural Resources, 2019
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. Suggested Materials —

— Stainless Steel Tubing \' ﬂ % E 7 S
—  Cushion clamps i
— Hydrogen detector ! g’ ! :‘::lc-i

— Standard cable runner for tubes B

— Tubing interconnection Options
* Welded connection
* Compression fittings inside a sealed container
—  Priority Fill Panel Connections
— Hydrogen Venting on Surface
— Nitrogen Ports
— Underground Dispenser Connections
— Tubing and Hydrogen Detectors Inspections
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Fueling Bay & Ventilation system
schematic view
Refinement of H2 fueling bay configuration
H2 Dispenser 57‘ 7
Fres Air _ o )
Vent|lat|on ‘ o
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Engineering limitations of the
system

* Number of dispensers

— Large quantity of gas is required to be fueled per shift (35 kg per truck per shift within a fleet
of 15 truck)

* Flow rate constrain

— 1kg/min vs. >5 kg/min
— Heat exchanger control required = higher CapEx

* Number of pipeline distribution for each dispenser

— One tube vs. three
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Safety Modeling and Analysis

Objectives

The main objective is a 3 second high-pressure hydrogen release (6000 psi) (with and without an obstacle
(mining vehicle) with and without ventilation)

1. The optimal ventilation setup
2. The hydrogen concentration distribution
3. The dispersion time

The CFD analysis has been performed assuming a worse case scenario, which would unlikely occur in
the real life. The maximum leakage is simulated by having a clean cross cut of the fueling line.
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Domain and boundaries
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CFD Modelling Results

Ventilation Model (30 KCFMM)
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H, Leak Dispersion Model

MaleFractionfuel_30.HYOROGE!

Canadi

Flammable Mass (kg)
e o o o Lol o i
nN - (4] [+:] - (] S o [+4] N

o

I *I MNatural Resources  Ressources naturelles
Canada Canada

Results

——C - Full ventilation

-+~ E - Half ventilation

A - No ventilation
—D - Full ventilation - Vehicle
- - F - Half ventilation - Vehicle
-----B - No ventilation - Vehicle

Time after onset of leak (sec)
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Discussions — Cost of Green Tech

Hypothesis #
* 3% inflation diesel cost 515 '
0,
0 .3/: H, technology & 4
improvement P ety
*  Cost of FCEVs = 2x Diesel 5 I e
vehicle Ssu 3 E e S Y »
= Brrriebebiiassea L SRIICALL -, - 2 &
* No tax carbon = o— .
+ Only1H,dispenser, 15 trucks 2 #
g 10 " . * W @ Diesel
Which scenario is the best? Yo P ('Zcena@;gx;xﬂ
L cenaro X 0%
. e i
*  Redundancy driven 58 L o Scenario 3 (24 100%)
When entering market? - 1 Al
*  Case by case Financial ”
analysis 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031

Year
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Standards & regulations

CSA-M424 updated

CHIC updated to be published late 2021 — including an U/G
StkaTds mining content

ISO/DIS 19880-2: Gaseous hydrogen — Fueling stations — Part
2: Dispensers

Communities,

Eventss

e BN CSA/ANSI HGV 4.9-2020: Hydrogen Fueling Stations for on road
sy vehicle

* Plus more relevant to light industry and light duty applications
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Conclusions

Codes, Standards & regulations Identified gaps:

* Piping system installation in U/G mines
*  Minimum requirement for an underground refueling station design
* Excavation
* Ventilation
* Lighting system
* Gas purging replacement system (N,) in exhaust raise
*  Minimum CFM of air per kg H, release (to be <4% H,)
* Refueling station system for HEAVY-DUTY mining vehicles
* High flow fueling system
* Liquid vs. gaseous H2
* On-board vehicle
* Dispensing challenges
* Production and logistics
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Thank you

Pejman Nekoovaght, Ph.D.
E-mail: pejman.nekoovaght@Canada.ca
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