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Hydrogen in Australia

Our natural advantage

Government support

Abundant Wind & Solar (concident)
Traditional energy exporter
Exiting supply chains

HwnN e

Proximity to international markets

Numerous pilot projects underway.
Research & industry involvement.

Broad support & funding from federal and state
governments.
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Re-Drawing the Map
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Hydrogen In Steel Pipelines — POG 2020 Webinar

Predicting the Future Network

* Hydrogen export pipelines?

* Hydrogen in domestic networks?

e Multi-products & separation technology?

Opportunities & Threats

e Decline of our sector or growth?

e Electrification pathway & stranded assets?
* New capital investment or re-use?

Domestic & Global Policy

e Expect disruption

e Policy will determine the rate of change in
the first 5 years

e Future will depend on technology
advancement & commercial reality
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Transition to H2 as the Future Fuel

* Is the reliable and efficient transportation achieved with
natural gas possible with transitioning to green hydrogen?

* The physical and chemical properties of hydrogen are
considerably different from natural gas.

e The hydrogen properties affect the equipment and
material selection

 Hydrogen is not more dangerous or safer compared to
other fuels. It is different and should be handled based on
the knowledge that is underpinned on science and
engineering.
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Process Sizing & Compression Considerations

* Process sizing considerations comparing hydrogen pipeline transmission with natural
gas include; compressor selection, required pipeline size and storage capacity.

 Compared to natural gas, hydrogen can flow at velocities higher than the maximum
allowable values for natural gas with less concern about erosion or noise.

» Storage in gaseous form, is less energy dense than natural gas — for equivalent storage
larger diameter and higher pressure is required.

* Compression:
* The majority of available technology is limited to reciprocating compressor units.
 However, higher throughputs that favor centrifugal compression technology, is
less developed than for natural gas service
* hydrogen compressor power consumption is considerably greater than that of
natural gas.
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Compare Hydrogen and Natural Gas Properties

Parameter __________INatural Gas (100% Methane Hydrogen |

Molecular Weight 16.04 g/mole 2.02 g/mole

Standard Density 0.6785  kg/Sm? (relative to air is 0.554) 0.0853  kg/Sm? (relative to air is 0.070 )
Higher Heating Value 37.711  MJ/Sm? 12.10 MJ/Sm?

Wobbe Index 50.67  MJ/Sm’ 45.87  MJ/Sm’

Negative @ ordinary temperatures

Joule Thomson Coefficient Positive .
positive @ very low temperatures
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Hydrogen Safety Issues

* Hydrogen is non-toxic, colourless, odorless and insipid.

* Hydrogen has a lower ignition energy than natural gas, which means it can ignite more easily.

* Hydrogen burns with a nearly invisible flame, which make more hazard to people than hydrocarbon
flames. Therefore special flame detectors are required.

* Many metals absorb hydrogen, especially at high pressures. Hydrogen absorption by steel can result in
embrittlement, which can lead to failure in the equipment.

* Hydrogen is more buoyant and disperse much more easily when it is released. This confers the ability
to rapidly flow out of an incident scene, and mix with the ambient air to a safe level below the lower
flammability limit (LFL) of 4% by volume of hydrogen in air.

* Hydrogen is not more dangerous nor safer compared to fossil fuels. Safety of hydrogen transportation
and storage infrastructures fully depends on how professionally it is handled.
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Hydrogen Compression Considerations

The majority of hydrogen compressor manufacturers' market available technology is limited to reciprocating
compressor units.

Reciprocating Compressors

» Reciprocating units offer very high pressure ratios but they have flowrate limitations due to the configuration.

Centrifugal Compressors

» Centrifugal compressors offer Higher throughputs .

» However because of hydrogen's low molecular weight and high sonic velocity, they have a comparatively lower pressure rise per
stage of the compressor relative to natural gas.

» In applications with high discharge pressures, the impeller operating speed must be increased, or additional compressor stages
must be added. A compressor should rotate about 2.8 times faster to have similar pressure ratio for methane and hydrogen.
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A HYSYS model is developed to determine the process parameters and compare the required pipe
size for the transportation of equal energy levels using the pipeline by two energy carriers; typical
natural gas and hydrogen.

Model Description:

Energy Transfer Rate: 200 TJ of energy per day
Pipeline Length: 200 km
Outlet Pressure: 3 MPag

Inlet Temperature: 40 °C
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Required Pipeline Size:

Energy (TJ/d) 200 200
Volumetric Flow Rate (Sm>/d) 5,293,806 16,526,194
Mass Flow Rate (t/h) 156 59
Maximum Erossional Velocity (m/s) 26.2 78.5

Considering almost the same maximum velocity for hydrogen and natural gas, while a 16-inch pipeline is required
for natural gas, a 28-inch pipeline should be constructed for hydrogen as the energy carrier.
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Required Pipeline Size:

Due to lower density, Hydrogen's erosional velocity limit can be approximately three times that of natural gas.

* Considering the same erosional velocity ratio to pipe size selection, an 18-inch hydrogen pipeline can deliver the
same daily energy level as a 16-inch natural gas pipeline.
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Case Study to Evaluate the Effect of Hydrogen and Natural Gas Differences  elier

Hydrogen Properties Effect on Compression:

Assuming the same compressor suction pressure of 3 MPag:

Energy Value (TJ/d)

Suction T / Discharge T (°C)

Suction P / Discharge P

Compressor Consumption Power

(MPag) (MW)
Hydrogen 200 40 3/9.7 36.7
Natural Gas 200 40 3/11.1 12.2
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Case Study to Evaluate the Effect of Hydrogen and Natural Gas Differences

Storage Capacity of Hydrogen and Natural Gas Pipelines:
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Intermittent renewable energies are the source of green hydrogen production usually, while there is
constant consumption on the downstream side, it is necessary to use the pipeline as one of the efficient
and practical storage methods when there is no upstream hydrogen production.

Inlet P Outlet P
Pipeline Size Packed Pressure Storage
(@ Steady State Condition) (@ Steady State Condition) .
(inch) (MPag) Cpacity (t)
(MPag) (MPag)
Hydrogen 18 9.7 3 12 126
Natural Gas 16 11.1 3 15.3 1625
Natural Gas 16 11.1 3 12 974
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Case Study to Evaluate the Effect of Hydrogen and Natural Gas Differences  elier

Hydrogen Properties Effect on Radiation Contour:

The radiation contour for full bore rupture of the gaseous pipeline is calculated as the following:

Allowable Radiation (kW/m?2) | Radiation Contour Length (m)
4.7 453
. . B
Hydrogen Pipeline (Full Bore Rupture) 12.6 276
o 4.7 o0
Natural Gas Pipeline (Full Bore Rupture) 12.6 360

Equivalent defect diameters that result in release rates of 10 GJ/s and 1 GJ/s for case study are obtained:

Release Rate (GJ/s) | Case ' Defect Equivalent Diameter (mm)
o ~ Hydrogen Pipeline | 169.5
' Natural Gas Pipeline | 139.4
- ~ Hydrogen Pipeline 53.6
' Natural Gas Pipeline | 44.1
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Effects of hydrogen in the structure of metal

Possibilities for hydrogen collecting in steels
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Material Interaction — Carbon Steel Property Change

Material Property | Impact of Hydrogen Impact of
Natural Gas

Ductility Strain to failure reduced due to hydrogen Unchanged
Fracture Initiation critical load at which a crack-like defect will rupture is reduced Unchanged
Toughness For any given load critical defect length / depth are reduced

Fatigue Life Fatigue crack growth rate increased up to two orders of magnitude. High Unchanged

stress amplitudes increases effect. Decrease in fatigue life by a factor of
about 10, but the fatigue life can be even lower, especially in large diameter,
thick-walled pipe.

Fracture little data available on propagation resistance / fracture arrest conditions, but Unchanged
Propagation it is possible that H2 decreases resistance and increases fracture velocity
Yield strength / Unchanged Unchanged

Tensile Strength

Hardness Unchanged Unchanged

Hydrogen in Our Pipelines - The Standards Challenge P3



Design Considerations — Fracture & Fatigue

Special consideration needed for design for;
* Fracture resistance and critical defect length.
* Fatigue resistance and cyclic stress amplitude.
* Propagating fracture arrest.

* Design for hydrotest, to ensure non-critical defects in
operation

* Control of fatigue critical! Fatigue life in H2 may
be less than design life compared to natural gas
(for equivalent parameters)

* Fatigue as a failure mode requires assessment to
justify design life & ILI practices.

e Can be managed and monitored (we have the
technology!)

Introducing the Hydrogen Pipelines Code of Practice: Research driven advancement

Diameter Max design Min toughness a b
range factor, Fp
DN100 to 0.5 c,z27) 3.761 7.825 [A]
DN600
0.5 c,z10) 4.361 5.080 [B]
0.72 K;e 2 55 MPa(m)%>  3.683 7414 [C]
DN650 to 0.5 C,z54) 3.746 4061 [D]
DN1050
0.5 c,z10) 3.764 0407  [E]
0.72 K;- 270 MPa(m)?>  3.641 7985 [F]
0.72 K;e 2 55 MPa(m)%3  3.721 0526 [G]
A
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Partial pressure, Pp, (MPa)
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Design Considerations - Welding
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* Hydrogen has the potential to interact with weld
defects differently to natural gas

* H2 interaction with defects — key factors;

* Minimizing likelihood of weld region being an initiating
site for fatigue crack growth in H2 service

* Preventing cracks in weld metal & HAZ
* Avoiding sharp defects
* Promote more suitable microstructure

* Recommend specifying an increase in minimum
toughness from 27J to 40)

* Hardness limits remain an area of ongoing
research

Introducing the Hydrogen Pipelines Code of Practice: Research driven advancement

Stress
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Microstructure

Heat Affected Zone (HAZ)

Maximum
temperature | weld

Recrystallised zone
Partially transformed zone

Tempered zone
Unaffected base
material

Hydrogen
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Standards & Legislation

Amendments to the Petroleum and Geothermal Energy Act

. . 1. Revising the title of the PGE Act to the 'E R
* Natural gas legislation, standards and codes evising the titie ot the Pk At To the Ehergy Resources

. Act' to reflect the broader scope of the Act to include
well define.

future fuels - e.g. hydrogen (Clause 5).
 Differences of the H2 industy requires changes
or amendments, or new legislation or
standards.

. In response to submissions from the hydrogen industry,
the current scope of provisions under the PGE Act will be
expended to also include the generation of any hydrogen

e Standards Australia working with governing from means not already permissible under the existing
committees ME-038 and ME-093 Act, such as electrolysis of water using electricity. This
: . : amendment will afford all hydrogen generation sectors
: FfCRC de_velzpmg codes of practice in interim the same leading proactive regulatory and one-window to
( next slide! ) government regime as is currently afforded to the oil and
e Technical regulators amending or developing gas industries under the existing PGE Act. This will be

Iegislation for clear coverage ng H?2 pipe“nes achieved through introducing a specific Hydrogen Energy

Licence. (Clause 26).



The Hydrogen Pipeline Code of Practice:
Design, Construction and Operation

“Guidance and recommended practice for the design,
construction and operation of transmission pipeline
systems for transporting hydrogen or blends of
hydrogen and hydrocarbon fluids” M e s o

Hydrogen Pipeline Code of Practice

A Code of Practice for the Australian Pipeline Industry
CoP Section AS2885 Related Part FECRC PROJECT REPORT

C5. System Compatibility for H2 AS2885 Part 1 — Section 3 Pipeline
Service Materials

C6. Carbon Steel Linepipe for H2 AS2885 Part 1 — Section 3 Pipeline Future Fuels CRC Report
Service Materials Document Number: 3.2-10

Confidential: not to be distributed without the consent of the Future Fuels

C7. Hydrogen Pipeline Design AS2885 Part 1 — Section 5 Pipeline Cooperative Research Centre
Design

C8. Welding AS2885 Part 2 Welding

C9. Conversion of Existing Pipelines  AS2885 Part 3 — Section 10 Change of |
operating conditions

C10. Operations & Maintenance AS2885 Part 3 Operations & Maint.

C12. Safety AS2885 Part 6 — Safety Management

Estoblished ond supported under the Austrafian
Government’s Cooperative Reseorch Gentres Progromme.
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Energy Transmission Alternatives
* H2 pipelines economically preferred VRE e 10OKIT) —emmmeeoeememeee | }:)y:r:;iedn

for moving energy for H2 end-use Supply

over distance Behind the Battery —— Bl Hydrogen
- Storage || "HVAC Powerline Electrolysis Eitoimnas
* Incidents rate expected to be no '

different than natural gas pipelines

. . . . Behind the : H2 S H2 Pipeline Hydrogen
(?:uctl\l/e)ss dISf'U ptlon hlstorlcally Meter VRE Eisttroivsis Compression % Blpeline Storage Customer
than
VRE Hydrogen
Supply |-———200km —————{ Demand
$8.33/GJ $9.99/GJ * 0.5 $0.93/G) Customer Cost
0.7 0.7 07 >3.50/G) $23.87/G
Gas pipelines 1.1 0.03 : : , ' ,
HV Powerlines 18.2 0.42 8'3?; - $3.50/G) $0.55/G) $0.48/G) $2.54/G) * 0.5 C“;tl‘;’_‘;;:,gf“
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