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“Colours” of Hydrogen

Hydrogen produced by electrolysis of water,
using electricity from renewable sources like
hydropower, wind, and solar. Zero carbon
emissions are produced.

Hydrogen produced by electrolysis using grid

electricity.

PURPLE/PINK/RED
Hydrogen produced by electrolysis using

nuclear power.

Making Sense of Heavy-Duty Hydrogen Fuel Cell Tractors - North American Council for Freight Efficiency (nacfe.org)

BLUE
Grey or brown hydrogen with its CO,
sequestrated or repurposed.

BROWN

coal, using gasification.

Hydrogen extracted from fossil fuels, usually
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Hydrogen Today
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Source: International Energy Agency: The Future of Hydrogen
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Blue H, Production and Transport

Blue Hydrogen
Production

Natural
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Hydrogen End Use

—ao e

_—-—-‘
G40 o

=m=) Gasification

Hydrogen

—

Ammonia to Hydrogen

https://investors.airproducts.com/static-files/25a35a56-22f6-47e7-9c5a-1e7edabe8eal

H, Generation Processes

Steam Methane Reformer (SMR)
(Natural Gas or Other Light

Hydrocarbons)

Air

Fuel

Feedstock
& Steam

Synthetic Gas (Syngas)
~70%v H,, 15-40 Bar & ~850 °C

SMR reaction (SMR)
CH, + H,0 - CO + 3H,
AH = 206 kJ /mol

endothermic

Partial Oxidation (POX)
(All Feedstock — NG to coal)

Oxygen

Feedstock

POX

Synthetic Gas (Syngas)
~60%v H,, 40-80 Bar & ~1400 °C

Partial Oxidation of CH, (POX)
CH,+ 1/20, - CO + 2H,
AH = =36 kj /mol

exothermic
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Autothermal Reformer (ATR)
(Natural Gas or Other Gaseous
Hydrocarbons)
Oxygen

Feedstock
& Steam

SMR + POX

Synthetic Gas (Syngas)
~65%v H,, 30-50 Bar & ~1000 °C

Water Gas Shift (WGS)
CO+ H,0 - CO, + H,

AH = —41 kJ/mol
exothermic




Flue Gas
{N,CO, }

Conventional H, Production
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{H,, cO,, N,, CO, CH, }
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CO, Capture Before H, Purification
{H,, co,, N,, CO,CH,

Flue Gas
{N,co, |
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> 95%C0,

Fuel Gas
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CO, Capture And H, Purification
=

Pressure vacuum swing adsorption (PVSA) { {_'H} N,, CO,, CO, CH, }
2 7 ’ ’ 7
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OFF GAS

Adsorber for CO, Adsorber for H,
Hy Ny, CO,, Cd, €B§%CC}2 } removal purification

Enhanced H, recovery
—_—
—
Hybrid Membrane and Adsorption Webinars
To fuel gas
H, product
Optional
{ H,, N,, CO,, CO, CH, . Co.r.npressor
Feed Gas ,,’ Hz‘riCh ! -~ -I
i R stream " h
’ 1 -
Membrane Module
(I Recycling H2-containing gas
I\I | To fuel gas
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CO, Capture After H, Purification

Flue Gas
{co, N, }

{cO,, H,, N,,

Additional H, recovered

| {N,, CO, CH,, H,
CO2 Fractionation (honeywell.com) ngh-purlty LIqUId COZ
CO, Capture from Flue Gas _I
_
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Flue Gas

{H,, cO,, N,, CO, CH, }
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CO, Capture from Flue Gas

Chemical Scrubbing: Amine Solution

Other gases Captured CO,

ABSORBER

e ;
T RSN T PRI RE

<«— Reboiler

«— Lean solvent

CO,rich solvent —»

Image by CO2CRC
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Amines:
MEA,
DEA,
MDEA
Other proprietary
solvents

Ammonia as H, Carrier I
—
Hydrogen Wk
Ammonia
Sl Transport Hydrogen
irogen —) =%
I -
<=
Air Separation Ammonia Production Ammonia to Hydrogen
i ional ’ y
Adapted from https://investors.airproducts.com/static-files/25a35a56-22f6-47e7-9c5a-1e7edabe8eal
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Air Separation

Excess N, gas

Ar rich gas 2

Liquid 0, *

Liquid N, +

Liquid Air

Cryogenic Air Separation

Air Liquide - Understanding the air separation process

Particulate Filter

@ air02an2)

@ nitrogen
. Oxygen

Air In (02 & N2) ==p

Air Separation by VPSA

Pressure Swing Adsorption (peakscientific.com)

Ammonia Production I
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Electricity N, i
l----—--—-----—-_--—--—-
| |
[ I -
I | Waste Heat [
1 " HB Reactor *
| Purge - I NH,
! o © ]
t  INH, & | Multi-stage
D — H,0
Feed
Refrigeration Compressor
c . Ha N, Recycle P
ompressor
Compressor
Adapted from Collin Smith, Alfred K. Hill, Laura Torrente-Murciano, Energy & Environmental Science 13 (2020) 331-344.
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H, Recovery in Ammonia Production
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DI water Membrane Module o

K hh High P H2
DD

= ) \_/C

- Filter 1 4{

e W

.| Flash1
Purge Gas )(\ as
NS Low P H2
DI water J—

Water
Scrubber 1

Water Filter 2
Scrubber 2

For a 300,000 tonnes/year ammonia plant, the profit would be
about 0.5 million AUD/y and payback period is about 1.5 years.

Key Takeaways .

—
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* (as-gas separation is an enabler in the production and application
of blue hydrogen.

* Desirable to capture CO, at high pressure as the cost is about half
of that for CO, capture from flue gas.

* Hybrid membrane and adsorption process can increase H,
recovery by > 5%.

* H, recovery in ammonia production can increase overall economics
and reduce carbon emissions.
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