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* The Council of Australian Governments (COAG) Energy Council
* National Hydrogen Strategy Taskforce

oy ne s

ME-093 National Hydrogen
Hydrogen Technologies Roadmap

2030 stretch targets

Green hydrogen produced ‘ Renewable energy capacity
H0,000 tonnes per annum it 12 GW

Electrolyser capacity

700 MW

Hydrogen price

Under $AU280 per kg
I

Hydrogen vehicles

10,000

Refuelling stations

100

| Australian
#/ Hydrogen Hubs
NSW Government U5 Study

Gas network blending heavy vehicle fleet

Techmcal Study

o)
]O % (by volums) 20% hydrogen vehicles
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Risk
Assessment of the presence and impact
of unwanted situation at time t

Risk (t) = occurrence of unwanted
situations & its impact

Risk(t) = F(t).Loss (t)

Safety
Absence of unwanted situation in
system/operation at time t

SO« ®

What Can Go Wrong?
Hazard ldentification

\ 4

How Often? How Big?
Frequency Analysis Consequence Analysis

!

Outcome?
Risk Assessment

\ 4

How to reduce it?
Risk Minimization

Reduce likelthood (probability)

Reduce Risk
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Scope of Our Research
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Conequence Modleing ,‘
I
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R. Abbassi & F. Salehi _ s s - o : . -
Hydrogen dispersion Chamber at Macquarie University



: : _ " MACQUARIE
Inspection & Maintenance Planning " University

Ve _

Optimization of repair/service schedule with an
aim to minimize cost and maximize safety &
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Risk-Based Maintenance

Cont_mue to next Damage State Prediction Con@uc to next
time step i « time step
(Analytical)
A 7Y
Bayesian Network Process
Probability Assessment Consequence Assessment

Risk Management

i i
e (e - *| Implement Maintenance i
v ; Activity :

Risk Estimation ' i

! i

: Identify optimum :

i | maintenance method and | ;

! intervals i

! i

No SO ? ___________ !

Risk Acceptable?
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Dynamic Fatigue Crack Modeling
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dN

(2
a; = ai_

d
= = carm

Paris’ law for fatigue damage

2

2—-m
+ MuKAm> ,m # 2

Limit State Fe
F—g — F;, >0 safe "\ My,
i =0c— aq .
F; <0 fail F;

Variable Description M a3
Qo Initial crack depth
ai Actual crack depth
N Load cycles Mnts
AK Stress intensity factor A
C,m Material parameters °
Fi Failure Function Mc,
A Weibull scale parameter
My Model uncertainty
Mnt Crack detection
Mc Maintenance cost Main, Main, Maing
Fc Failure cost
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Crack Size and Cost
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0.1

Probability

0.08

0.06

0.04

0.02

10

15

Crack depth {(mm)

Initial crack size distribution (ay)

20

Utility (1.0E+03 Dollars)

-120

Crack size intervals
012 34567 8B 9 1011121314 1516 17 18 1920

I Velding Utility

[ Repair Utility

Utility functions of decision alternatives

Year 1 2 3 4 5
Case A No Detection State 15 - - -
Case B No Detection No Detection State 11 - -
CaseC State 8 State 12 State 14 - -
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Comparison Results

MACQUARIE

University
Year ‘ear
1 2 3 4 5 0 1 2 3 5
0 @ T ;v e —_ w‘l ===
£ ; T ——
4 L _ 10 H N4 A
20k Ty I Bt 1 — Ay
o [N { A ——_ w 5
& Vo 4 T~ & ¥
= VN ol I e -20 W 1
O + Voo P = o 4 \
o 40 Vo ! T © VL
Fy Vo] 5 30 VN . ]
g \ 5"/ i 2 Yo <
= &0F \ ® ; 1 = \\ N N
£ \ i £ 40 R N
= 3 i 5 1 ! N
B 80r ! ! 1 8 v
= \ / o 50 o d 1
2 \ ] <8 v !
=5 + . e \
1 Voo b L
1 ) - \
100 | L X Welding (Case A) ) 60 . Welding (Case 5) b 1
W — + — Repair (Case A) - '*e' —Eep?IrECase Bi_ (c
\ —-&-— Continue operation (Case A) — "S-~ Continue operation (Case B)
20 , 8 . : Case A - . . . Case B
Year
1 2 3 4 5
0 T T T @ =—
i
20 b ! 4
AN
®© %'?--—-__ wos = S
S 40 SO S / ~e g Year 1 2 3 5
3 - h\:‘}, - J..l’
D 60 \ i 1
& \ ; Case A No Det. State 15 - -
L] % B
— -B0F \ ! 1
- . j
= \ i Case B No Det. No Det.  State 11 -
= 00 Y i 1
3 \ (-’ Case C State8  State12  State 14 -
2 420 \ 1
o \ i
> . I
1 \
140 F *Welding (Case C) o 1
— + —Repair (CaseC) y ol
—-&-—Continue operation(Case C ¥
-160 | , : EI } ¥ . { Case C

R. Abbassi & F. Salehi

13



Hydrogen accidents
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230 accidents over the last two
decades: (H2Tool database)

Major causes

* Human errors
* Equipment failures
Design issues

Consequences

Property damage
Injury to human
Loss of human life

R. Abbassi & F. Salehi

Leakage
24%

Explosion .
2504 Near-miss
19%
Y -

'/

3%
Reaction

Fire 2%
26% Fire and
Explosion
1%
Accident
I Production
Storage 14%

65%

Facility »




Hydrogen safety
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Hydrogen safety

Liquid Hydrogen

R. Abbassi & F. Salehi

Gaseous Hydrogen
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Material Properties-
Related Aspects

Hydrogen Handling-
Related Aspects

— Hydrogen Embrittlement

—> Hydrogen Permeation

—» Changes in Properties at Low Temperatures

—> Liner Blistering in Pressure Vessels

—> Damage of Carbon Fibers

— Resistance to Fire and High Temperature

—> Gaseous Hydrogen Leakage
—> Hydrogen Jet Fire
—> Delayed Ignition and Explosion
—> Thermal Radiation
—> Temperature Variation
—> Liquid Hydrogen (LH,) Release

——> Boiling liquid expanding vapor explosion
16



Hydrogen Safety: Challenges with
Current Modeling
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v’ Safety of hydrogen infrastructures are vital in the growth of hydrogen economy

v’ Several risk models have been developed to assess the safety of hydrogen

infrastructures, however, most of them have the shortcomings of:

Being static in nature, not properly observing the variability occurring in operation
via time

Lack of enough precise data of young emerging technologies like hydrogen which
leads to uncertainty in input and output parameters

Lack of considering the dependencies among the root failures of complex systems
Attending to mechanical failures without paying enough attention to human and

organizational failures
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Failures considered in:
e Chemical section

* Mechanical section

* Storage section

Cause-effect model of the hydrogen release accident scenario
* Failure and causes:
v" Identify all possible failures of the main equipment, leading to a hydrogen leak,

v How failures are connected and how they can logically lead to the accident scenario
* Likelihood values for each cause

* Background history
* Expert judgment (use conventional methods)

* Vehicle impact

e Aircraft/Helicopter impact
Earthquake

* Flood

e Terrorist attack

‘| Thank rupture due
to the external event

Storage section

A
A 4
[ ]
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Tank rupture (it
due to the Yes = 0.007]
external event

5 Leak in e sect [ No = 0.993 I |

X81 Vehicle impact
X82 Aircraft/Helicopter impact

X83 Earthquake
X84 Heavy storms
X85 Flood

X86 Terrorist attack
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v' A significant change in the system reliability within a year confirms the system
degrades dramatically during the considered time interval

1.000

0.800
0.700

_.%' 0.600 0625
§ 0.500 = Hydrogen release probability == Reliability
Q
& 0.400 0.375
0.300
0.200
0.100 0017
0.000
1 6 11 16 21 26 31 36 41 46 51

v Dynamic modelling of hydrogen release probability and the system reliability

« Safety barriers
* Backward analysis: find critical cause of accident
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Hydrogen Accidents:

Consequence Modelling
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Hydrogen leakage

Hydrogen dispersion

Auto-ignition

Explosion
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Jet fire

Thermal radiation

Joule-Thomson
inversion
temperature

J

Electrostatic effects

J

Diffusion ignition,
e.g. shock waves
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Computational fluid dynamics

Governing equations

Geometric
Modeling
dp 0pt;

E-F 6xl- =0

Post
Processing

opm, opmm  oap  8G;  opth 0
ot | ox, ox ox  ox a_xj(“if_ %)

oE 0E; 10w;p 0wt], i S;;
R S e A P T, Ty
Jt dox;  p 0x; 0x; ox;

Physics
Definition

\

05T, opuT, o ( T -
= o(t:Y.—u:Y.) — oD, — .
ot "oy, om \P(EYe ) = PDa ) + o

~

 Numerical schemes * Turbulence model

« Time step « Combustion model
» Residuals » Chemistry model

e Solvers  Heat transfer model
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Hydrogen refuelling station

Tube-trailer

Leakage

High-pressure storage tank

Medium-pressure storage tank

Compressor Low-pressure storage tank

Pressure-
distribution unit

Heat
exchanger

Dispenser
units
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Hydrogen fire
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Inlet Storage
Simulation ventilation Slope g
. Fuel type capacity
set velocity (%) (%)
(m/s)
0,1.2 Hydrogen
I 0 100
0,1.2 Propane
] 0,0.6,1.2 Hydrogen g < B 100
Fuel type Burner Size | HRRPUA AH. HRR
Hydrogen 8,900 kW/m? i/ll\lgl)kY 801 kw
0.09 m? g
Propane 4,564 kKW/m? 45.8 MJ/kg | 410 kW
(Fuel Leak Simulation. Swan et al., 2001)
1.3m (b Tunnel ceiling
_________j____ T P—
0.8m T | Inlet
| | ventilation
| C— velocity
Outlet / Tunnel exit z
Fire source
R. Abbassi & E. Salehi Inlet / Tunnel entrance 25



Hydrogen versus propane fire B couane

12 ¢ AT, T,—T,

—e—Simulation ATO T0 — Ta
¢ ExpHuelal. (2013)

Hydrogen 0 m/s

Dimensionless temperature

0 1 2 3 4
Distance from the reference point (m)

Hydrogen 1.2 m/s

1200 —e—H20m/s

51000 -e-H212m/s

% propane 0 m/s Propane 0 m/s
S 800 - & —propane 1.2 m/s

©

8 600

g

? 400 Propane 1.2 m/s
2 200 . .

0gol
0021
0S¢t
0051

=1} =]
%] =]
=} =

o 8 8 & 8 :
o 1 2 3 1 s HE |
Distance from the jet fire (m)
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Multiple hydrogen fire
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Hydrogen
(’ Tunnel entrance leakage source Tunnel exit
Inlet air velocity j >
o — T AV T I
> Y
(0,0) x Fire 1 (F1) Fire 2 (F2) Center-line of the tunnel
40m 10m 52m
Zoomed viewed for
the fire location
Coarser mesh Refine mesh
08 ( s 025
z » i ] " + + f
(0,0) X (102,0)
35.25m " 58m 875m |
fremmreanreneeees A S T T ?
- Upstream Location of 2 Downstream K
Tunnel entrance fi Tunnel exit
ire sources
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008 |
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Multiple hydrogen fire
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Ventilation velocity

» Air quality in the tunnel.

» Impacts of heat and smoke
» The egress of tunnel users

» Support firefighting

Temperatures ===Locations

M

(Upy=0m/s)
sy % 00
(Uy=2m/s)

(Upy=4ml/s)

(Upy=6m/s)

N S N
g 8 &8 8 g g g 8 g 8 =

* Enhance the dispersion rate of hydrogen away 1600 -
from the combustion zone: & 1400 -
lowering of the combustion rate % 1200 A
* Better mixing of the hot vaporized fuel — 2107 X >
particles and oxygen: ] 238
enhance combustion rate S
g 200 ~
E o ;
§ 0 1
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70
60
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Multiple hydrogen fire
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- Tunnel slope

Case 1 (0°)

t

: » 50 km/h: slope<5%
Cose 14 (259 > 30 km/h: slope<8-9%

B e ——

Case 15 (3.75°)

Case 16 (5°)

1500
1350
1200
1050
900
750
600
450
300
150

—o—Casel -—4—Casel4 Case 15 —m—Case 16

* Increasing the slopping clears the upstream
from the hot gas, while spreading and covering 2
them downstream

* The tilting of the flames in the direction of the
slope: the shift of the peak ceiling temperature = 0.

« The rapid dispersion of the leaked hydrogen
reduced the ceiling temperatures

Dimensionle
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Sprinkler - hydrogen fire
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800

oo No SPK

600

500

Temp (c)
D
8

300
200 SPK 120 I/min
100
0
35 37 39 41 43 45 47 49 51

Tunnel lenght (m)
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Thank you for your attention.

v" Rouzbeh Abbassi (rouzbeh.abbassi@mag.edu.au)
v" Fatemeh Salehi (fatemeh.salehi@ma.edu.au)



mailto:rouzbeh.abbassi@mq.edu.au
mailto:fatemeh.salehi@mq.edu.au

