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LOOKING TOWARDS HYDROGEN

Climate change concerns foster the use of Hydrogen as an energy vector.

Gaseous hydrogen - clean energy source and supply in a sustainable, reliable
and cost-effective way.

Green H2 (GH2) is a critical piece of energy transition to achieve economy
wide net-zero emissions.

In a net-zero economy, H2 will be the dominant feedstock and energy
carrier for industrial applications.

As industrial feedstock / process gas, GH2 can substitute grey H2 (derived
from fossil fuels) used in oil refineries, fertilizer plants, methanol producing
chemical plants and treatment of metals.

As energy carrier / vector, GH2 can be used for blending with piped natural gas
(PNG) used in domestic, commercial and industrial applications.
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HYDROGEN TRANSPORTATION

Trucks, trailers and
tankers

Pipelines (Retrofitting
existing pipeline or
creating dedicated

infrastructure)

Shipping

Hydrogen Embrittlement (HE) is the biggest

technical challenge for storage and

transportation of Hydrogen
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HYDROGEN EMBRITTLEMENT (HE)

Occurs at ambient temperatures, decreases
rapidly above 150 °F (65 °C) and effectively
disappears above about 300 °F (150 °C).

General mechanism - Permeation of atomic
hydrogen gas in the material by surface

absorption, diffusion through the material and
eventually causes damage.
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MECHANISM OF HYDROGEN EMBRITTLEMENT
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- Physical process of hydrogen embrittlement: from micro to macro, (a) hydrogen is dissociated into H atoms in the
pipelines and adsorbed to the inner surface of the metals, (b) H atoms or regenerated hydrogen molecules degrade metal
lattices, (c) hydrogen breaks the lattices and evolves into micro-crack propagation, and (d) macroscopically visible cracks
appear.

Waterials
Strength
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Environment Mechanics
« Partial pressure » Stress

* Impurities » Defects

» Temperature » Stress (pressure)

cycling
* Residual stresses

Microstructure and
homogeneity

Hydrogen embrittlement occurs in materials under
the influence of stress in hydrogen environments
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Line pipe material requirements for Hydrogen service Net Zero
by 2035°

The material shall be microalloyed (Nb/Cb) ERW throug aerals Compatible With Hydrogen Semic
TMCP process.

Form of Hydrogen
Material Group (s Liquid Notes
Aluminum-based allos Aempdle— Acceptalle
PSL2 grades are preferred. Mt sl sels with westrthn— Aceptble Acoptable Tenperate-or svessicuced martenst
Bt nickel i souton annesled conciion transformation due fo wistabl ausenie
Copper-Dased aloys Aeempdle Acceptalle

Low and intermediae strengt carbon and Accepale Not aceptable  Cryosenic temperature britement

Microstructure plays an important role in achieving| g lly sl

higher frgcture toughness. Stri_ct limit on chemical
composition of line pipe material. Cast nong Notaccepadle ot acceptable ot permited for ycrogen sevie

Nickekhased allops Seote  Aceptable  Aoceptably ngaseous hyrogen depending
on trength and alloy composition, Some
alloys may et severe hydrogen
emiritment

Toughness testing for brittle fracture control and ductile
fracture control depends on pipe size.

Tianium-Dased aloys Notacceptale  Acceptable — Titanim hyrde formation
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Blending hydrogen in existing NG pipelines affects steel integrity because

1.it increases fatigue crack growth rate when the pipeline is cyclically loaded, 2. promotes subcritical
cracking, 3.decreases fracture toughness and 4.decreases steel ductility.

Another key feature related to H2 embrittlement is the vulnerability of weak welds and hard spots,
favors subcritical cracking in zones of high hardness near welds

During operation, significant pressure fluctuations accelerate the embrittiement process, with reported
fatigue crack growth rates an order of magnitude higher.

H2 embrittlement is more problematic in high strength steels and/or high carbon content.
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The fatigue crack growth rate in the presence of hydrogen in th
matrix is accelerated by 10 X higher under cyclic loading.

Fracture toughness measured in
hydrogen environment KIH can be
50% or less than KIC

Materials with higher tensile strength tend to experience greate
reductions in fracture resistance and greater fatigue crack
growth than materials with lower tensile strength when in
contact with hydrogen.

Fracture toughness is a key
parameter required for the safe
transport of hydrogen in pipelines
Integrity assessment.

These effects are important because fatigue crack growth and
fracture resistance are properties used directly in ftness-for-service
assessments of pressure pipe, (APl 579/ASME FFS-1) and ASME
B31.12

Blending of Hydrogen in NG pipeline is beneficial because it partially decarbonates the natural
gas, but based on the effect of Hydrogen on mechanical properties of pipeline steel material, an
Integrity assessment need to be carried out before blending H2 in natural gas pipelines so that

safe operation can be guaranteed.
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_ Net Zero
MATERIALS SELECTION FOR COMPRESSED wzossf-
BIOGAS

Com . ress Bio-Gas Plant (CBG)
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Produced by anaerobic fermentation of
organic material by methane producing
bacteria.

Methane is
anaerobic

produced in
(oxygen-free)

strictly
sealed

Net Z'ero
w2035
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COMPOSITION OF BIOGAS &

Constitvent Concentration

onditions.

Contains corrosive and contaminarm
components like H2S, CO2, moisture.

Hydrogen sulphide (H2S) forms sulfuric acid
and metals containing copper are easily
corroded by sulfuric acid.

Hydrogen sulphide is highly poisonous, toxic
and hazardous. Concentration of H2S in biogas

Methane (CH,) 50-75 wvol. %

Carbon dioxide (CQO,) 25-45 vol. %
Water (H,O) 27 vol. % (20-40 =C)
Hydrogen sulphide (H.S) 20-20,000 ppm
Nitrogen (IN,) =2 vol. %
Oxygen (O,) <2 vol. %

Hvydrogen (H,) =1 vol. 9%

is 20 ppm-20,000 ppm. )

Biogas undergo an upgrading process, where
all contaminants as well as carbon dioxide are
removed and the content of methane is

Compressed
BiO Gas g15c:(f/eased from the usual 50-75% to more than

[CBG] The wupgraded biogas is often

BIOMETHANE.

named

COMPOSITION OF BIOMETHANE

IS 16087 : 2016 Standard

S No. Characteristic Requirement
1 | Methane percentage (CHy), minimum 90.0%
2| Only Carbon Dioxide percentage (CO,),, maximum 4%
; Carbon Dioxide (COy)+ Nitrogen (No)+ Oxygen (Oy) 0%

percentage maximum

4 | Oxygen (O,) percentage maximum 0.5%
5 | Total sulphur (including H,S) mg/m’, maximum 20 mg/m”
6 | Moisture mg/m’, maximum 5 mg/m’




Working of Compressed Biogas plant :
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BIOFUELS IN COMPARISON

Biomethane 67 600 km -xg

Biodiesel 23 300 km + 17 600 km'1

Bioethanol 22 400 km

* Biomethane as by product
(rape cake, mash, straw)
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Vehicle fuel consumption: gasoline engine 7.4 I/100km,
diesel engine 6.1 /100 km
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STORAGE OPTIONS FOR BIOGAS AND BIOMETHANE

STORAGE SYSTEM OF COMPRESSED ngtg‘;:ge:f Pff;;‘)"e e Materia ?f't’si
BIOMETHANE SYSTEM : ,
Reinforced and non- Variable volume
e e e <0.1 | Floating Cover | reinforced plastics, | usually less than one
! : rubbers day’s production
i /_\ High Pressure ! Reinforced and non-
: Storage Tanks 1 | Shortand < Gasbag | reinforced plastics, 150 - 11,000
. v Compressor 250-350bar ! intermediate rubbers
Biomethane : Low (3,600 - 5,000 psi) 1 storage for on-
: Pressure i farm use 2-6 Wz[:rhijierd Steel 3,500
—»  Storage > i (currently used Y
] Tank I on farms for . Reinforced and non-
: i biogas storage) \Ne|g£;ed 995 | reinforced plastics, 880 - 28,000
i ! J rubbers
: v : o Variable volume,
I I , Plastic, reinforced
I ' Floating roof . usually less than one
i ' plastic , :
! ! day’s production
Possible means 10-2.900 Propane or Steel 2,000
of storage for butane tanks
later on- or off-
farm use (could Commercial
be used for >2.900 qgas cyiinders Alloy steel 350
biomethane)

. 16




TRANSPORTATION SYSTEM OF COMPRESSED BIOMETHANE SYSTEM

Upgraded biogas (biomethane) can be injected and distributed through the

natural gas grid, after it has been compressed to the pipeline pressure.

Biomethane can be distributed
via dedicated biomethane
pipelines / Distribution via the
natural gas pipeline

The corrosives in CBM are H2S,
CO2 and moisture.
Contaminants cause internal
corrosion in the pipeline.

Materials used for pipelines
depend on the transported load
and pressure level. PVC,
HDPE, steel and stainless steel.

Corrosives can be prevented by
dehydrating the gas, proper
purification/ scrubbing, adding
corrosion inhibitors, PROPER
MATERIAL SELECTION and
using online analyzers.
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INSULATED GAS PIPELINES
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STAINLESS STEELS IN THE BIO FUELS INDUSTRY

» Stainless steels are the cost efficient
materials for the Bio-fuel industries
like bioethanol, biodiesel, biogas.

» Stainless steels offer excellent
corrosion resistance in the various
process conditions coupled with good
strength, durability, toughness and
ease of fabrication.

> In addition, its 100% recyclability
supports the biofuel industries' long
term sustainability concepts and
goals.

A
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TABLE 7: MAJOR STAINLESS STEEL GRADES USED IN BIOGAS PLANTS

Common |UNS  [EN Attributes
name
304 530400 | 14301 | Good general corrosion resistance to slightly acidic as well as caustic media.
Minimum strength level slightly higher than for the ‘" grades.
304L 530403 | 14307 | Asabove, but "grades are preferred for welded constructions. Material can
be usually purchased "Dual Certified" meeting the requirements of both 304
and 304L.
316 531600 | 14401/ | Improved corrosion resistance in most acidic conditions, especially at
14436 | higher temperatures and/or with chlorides present
316L 531603 | 14404 / | As above, but " grades are preferred for welded constructions. Material can
14432 | be usually purchased "Dual Certified” meeting the requirements of both 316
and 316L.
316Ti 531635 | 14571 | Similar to 316 in corrosion resistance, higher strength at elevated
temperatures, mostly used in Europe
904L NOB904 | 14539 | Excellent corrosion resistance in acid conditions including hydrogen sulfide
Alloy 20 NOB020 | 24460 | Excellent corrosion resistance in acid conditions including hydrogen sulfide
6%Moalloys | Various | Various | 531254, N0B367 - used in very acidic conditions with high chloride

@&&/VW Encellence 72/0014?4 P&Of&
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PROVEN APPLICATIONS OF STAINLESS STEELS IN THE BIOFUELS INDUSTRY
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Ethanol Plants Biodiesel Plants Biogas Plants
Corn steepers in wet mills Acid pretreatment systems Fermenters

. .p p A : ATTRIBUTES OF STAINLESS STEELS FOR THE BIOFUELS INDUSTRY
Liquefaction tanks Caustic pretreatment systems Digesters
Fermentation tanks Reactors Pumps Characteristics Advantages conferred
Veast slurry tanks Acid tanks Slurry processing High corrosion resistance Low maintenance, long life and consistent operation
deer el ténks . Jee rlmrers Gés p|p|nlg Systems Smooth surface Resists formation of deposits, no contamination, lower energy
Fermentation washing tanks Centrifuges Air pollution control consumption in pumping, lower cleaning costs, good for
Distillation columns Slurry tanks Liquid fertilizer tanks conveying wet solids
Whole stillage tanks Flash tanks Gas holders Good weldability Maost fabricators have experienced stainless steel welders,
Centrate surge tanks Receiving tanks Air piping systems suitable for in-shop and on-site welding
Centrifuges Condensate tanks Steam systems Low weight/Thinner wall thickness* Simpler construction and erection - an advantage both for
Thin stillage tanks Buffer tanks Fittings tank construction and piping systems
Syruptanks Internal process tanks (as turbines Good mechanical properties, good ductility at | Strong, durable, suitable for all extremes in weather
Dryers Dryers (Gas engines all temperatures
Evaporators De-acidification columns Storage tanks Good wear and fatigue resistance Low maintenance and long life
Evaporator condensate tanks Rectification columns Various tanks Materials covered by well-defined international | Easy to specify and ready availability globally in most product
Pumps Distillation columns Heat exchangers standard specifications. forms
Mixers Methanol recovery tanks Mixers Recyclable with residual value at end of life Low environmental impact, compatibility with long term
Valves Purmps Pumps industry sustainability goals
Filters Mixers Agttators Attractive appearance Clean, hygienic, high-tech image
H?g“'a“’“ . . Agiators Vs No corrosion or leachant products, no Do not contaminate the food or animal product, do not
Piping systemns & required fittings | Valves Modules

organoleptic or turbidity problems (in food

change the flavor and are approved and standard material

Heat exchanger tubes Filtration & purification systems grade ethanol) worldwide in food production
Skid systems Regulators *compared to carbon steel
Emnission control equipment Piping, tubing

Pre-treatment systems
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COAL BED METHANE

The primary
energy source
of natural gas is
a substance
called methane
(CH4).

COAL BED
METHANE

Coal serves as
both the source as
well as reservoir
and can hold 5 to 6

coal seams
: the amount of gas
generated during stored in a

coalification .
process. conver}’g(érilal sand Debivering Encellence ﬂ/vowg/l« People
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Coal bed methane
(CBM) is simply
methane found in
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PRODUCTION OF COAL BED METHANE
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Face cleats, butt cleats, natural

fractures/bedding surrounding the coal
block matrix and pores, micro-pores
within the coal black matrix.

Gas held in coals is by hydrostatic water
pressure.

Pumping water lowers the hydrostatic
pressure and gas desorbs from the coal
in cleats and fractures to flow to surface.

Methane is assumed to be stored
mainly(>95%) in coal matrix pore, micro

pores in absorbed state and very less
amount(<5%) in bedding planes.
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Coal Bed Methane (CBM) pipelines must be constructed with
materials that can withstand the specific properties of CBM,
which is primarily methane (CH4) with trace amounts of other
gases like ethane, nitrogen, and carbon dioxide.

These pipelines often encounter high pressures during
compression and require materials resistant to corrosion,

especially from potential contaminants like hydrogen
sulfide (H2S) and water.

Common materials include carbon steel, which can be
susceptible to corrosion from H2S, and composite materials,
which offer greater corrosion resistance and lighter weight.

A
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Common Pipeline Materials:

Steel:

«Carbon steel pipelines offer high
strength, but require careful
selection of grades resistant to H2S
corrosion or potentially costly
corrosion-resistant coatings.

Composite Materials:

*Fiber-reinforced polymers (FRP)
offer advantages like light weight,
high corrosion resistance, and good
strength-to-weight ratio. They are
becoming increasingly popular for
CBM pipelines.

*Other Materials:

*Depending on specific needs and
location, other materials like
polyethylene, fluorinated polymers
or specialized alloys might be used.




KEY MATERIAL CONSIDERATIONS FOR CBM PIPELINES

p

Corrosion
Resistance

CBM
contain trace
amounts of
H2S and other
corrosive
compounds,
necessitating
the use
corrosion-
resistant
materials

can

of

like
high-strength
steel alloys or
polymers.

~

p

~

Strength and

Durability

CBM pipelines
operate at
varying
pressures, and
the gas can be
abrasive,
requiring
robust
materials that
can withstand
these stresses
and potential
impacts.

/

Gas

Permeability

The pipeline
material

should have
low permeability
to methane
and other
gases to
prevent
leakage
ensure
efficient
transport.

and

gas

\

/

Temperature

Resistance

CBM
production can
involve
temperature
fluctuations,
and
pipeline
materials need
to maintain
their structural
integrity and
performance
within the
expected
temperature
range

the
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Additional

Considerations:

*Gas Quality
*Operating Pressure

Environmental Factors.

In addition to the pipeline
material, other components like
fittings, valves and coatings
also need to be carefully
selected to ensure the integrity
and reliability of the entire CBM
pipeline system.
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