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“I believe that water will one day be
employed as fuel, that hydrogen and
@xyg@rm whnclm J@nsﬂwte nt uxsedl smglly or

of which g@‘?ﬂ is mﬁ’ capable”.

“The Mysterious Island”, 1874

Nobody would have believed in 1874, but now the prediction is coming true
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Is the Global Energy facing any challenges?

NEWS FLASH!

| ENERGY
CRISIS"

COMMUNICATIA

Energy is a foundation of modern life
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What is Hydrogen?

Hydrogen is the simplest and most abundant
element on earth—it consists of only one proton and
one electron.

Hydrogen can store and deliver usable energy, but it
doesn't typically exist by itself in nature and must be
produced from compounds that contain it.

Hydrogen is an energy carrier, not an energy source
and can deliver or store a tremendous amount of
energy.

Hydrogen can be used in fuel cells to generate

electricity, or power and heat.
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HOW WAS HYDROGEN FOUND?

The name of hydrogen was
derived from two Greek
words (Gr. Hydro, water, and
genes, forming) to mean Hydrogen was discovered in
water forming 1766, by Henry Cavendish.

Hydrogen can be artificially

- Ninety three percent produced when iron and dilute
of all atoms in the acids are mixed together.
universe are
hydrogen

- It is half the mass of
the Sun and other
stars
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Hydrogen Properties

Gaseous at ambient
conditions

Colorless
& odorless

.Inlul

Rapidly dissipates
in the atmosphere /
Buoyant gas:

14x lighter than air

\

Wide flammability range

o
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Hydrogen Natural Gas Propane Gasoline Vapor
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Does not conduct electricity
and only slightly soluble in
water

Reactive compound that
occurs in a variety of
compounds



Specific energy of Hydrogen

- Hydrogen has a very high specific energy
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Wood Coal Ethanol Diesel Gasoline Propane Methane H!.rdragcn

Hydrogen stores approximately 2.6 times the
PCIC energy energy per unit mass as gasoline 8



Types of hydrogen

Depending on the type of production used and level of emissions, different colours are assigned to hydrogen.

GREEN BLUE GREY

Hydrogen Hydrogen Hydrogen

Produced by Grey or brown
electrolysis of water, hydrogen with its CO2 tProduc%ed thrgugh ¢
using renewable captured (CCS) or s ean‘r‘l;fu?g{ngaa 5'°n o

sources repurposed

CO2 stored
NO and reused

emissions

CO2
" A "

BROWN PINK YELLOW
Hydrogen Hydrogen

Produced by

Extracted from fossil Produced by E .
fuels, usually coal electrolysis using elggcggl%?g léi'?fs%ﬁ'd
using gasification nuclear power fules or renewables

a ®
0—O emitted emissions
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A comparison between the different types of hydrogen

Hydrogen type Cost range ($/kQ) CO, emissions

Grey $1.00-$2.50 9-12 kg CO, per kg H,,
Blue $2.00-$4.00 1-4 kg CO,, per kg H,
Green $3.00-$7.00 Zero direct CO, emission
Yellow $3.50-$6.50 variable

Pink $3.00-$6.50 Zero direct CO, emission
Brown $1.00-$2.50 15-20 kg CO, per kg H,
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Uses of hydrogen
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Past, Current, and Future Global Hydrogen Demand (2010-2035)

160 | —®— Hydrogen Demand

140

120

100

80

Global Hydrogen Demand (Million Metric Tons)

60

2010 2015 2020 2025 2030 2035
Year

Source: IEA Global Hydrogen Review 2024
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Hydrogen uses

Potential for Exponential Growth of Global Hydrogen Demand (in mtpa) 642

L} 75%

2015 2020 2030 2040 2050
B Power generation, buffering [ Industrial energy I New feedstock
" Transportation ~ Building heat & power [ Existing feedstock uses

Source: Hydrogen Council
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e Saudi Arabia Hydrogen Strategy: 2030 Vision

» Saudi Arabiais exploring ways to become the top supplier of hydrogen in the world
and has clean hydrogen production targets of 2.9 million tons per year (t/yr) by 2030
and 4 million t/yr by 2035.

» NEOM has signed a $5 billion deal with U.S. gas and chemicals company Air
Products and the Saudi group ACWA Power to build a “world-scale green hydrogen-

based ammonia production facility powered by renewable energy.”

Projected site of Neom development

AR

: Sharm 2
‘ els Shelkh
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Technologies used to generate blue hydrogen

Steam Methane
reforming

Feedstock: Natural gas
and water

Auto-thermal
reforming.

Feedstock: Natural gas,
oxygen, and water
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- Steam methane reforming

Steam reforming is a hydrogen production process from natural gas. The process
consists of heating the gas to between 800 — 900 ° C at moderate pressures (15-

30 bar) in the presence of steam and a nickel catalyst.

ﬂ Synthesiz

A7 T, Fas

Methane Methane k]
feed fuel E
(=]
o
o
Sulfur
Secrubber
Steam p oy
_)—
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Shift Reactar

TE%
Hydrogen

Steam-methane reforming reaction
CH,+H,O+heat Co + 3H,
Co+H,0O CO, + H, + small amount of heat
Fure
Hydragen
PSa
purification
raste gas
Unreacted materials
Steam

Clean methane
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- Auto-thermal reforming

ATR is a process that combines partial oxidation and steam reforming in a single
reactor, allowing for the simultaneous production of hydrogen and synthesis gas

_nL

Water

Oxygen

Natural Gas
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1. Steam Reforming Reaction:

@ CH, + H,0 — CO + 3H,
Heat 2. Partial Oxidation Reaction:
1
CH4+‘2‘02—>CO+2H2

CO, with CCS*

Hydrogen Gas

*CCS = Carbon Capture and Storage

17



Attribute

Process

Reaction
Temperature

Reaction
Exothermicity

Heat Source

Reaction
Products

Reaction
Efficiency

Process
Complexity

Start-up Time
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Autothermal Reforming

Simultaneous combination of partial
oxidation and steam reforming

Higher temperature range
(700-1100°C)

Exothermic

External heat source (e.g.,
combustion of fuel)

Synthesis gas (H2 + CO)

Higher efficiency due to
simultaneous reactions

More complex due to simultaneous
reactions

Longer start-up time

Comparison between technologies used to generate blue hydrogen

Steam Reforming

Reaction of hydrocarbons
with steam

Lower temperature range
(500-700°C)

Endothermic

External heat source (e.g.,
combustion of fuel)

Synthesis gas (H2 + CO)

Lower efficiency due to
separate reactions

Less complex due to
separate reactions

Shorter start-up time
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Carbon Capture and Storage

CCUS is the process of capturing carbon dioxide (CO,) before it is released
into the atmosphere and storing it in geological structures. CO, can be
captured from emitters such as power stations or energy-intensive industries
(i.,e. cement, chemicals or steel plants), as well as on some hydrogen

production facilities that reform natural gas. CO, can also be captured
directly from the air.

Carbon Capture Utilization & Storage (CCUS)

Fuels
Chemicals

. Materials
Conversion

cow

Utilization (CCU) Non-Conversion
Capture <

Sequestration (CCS)

Enhanced Oil

Recovery (EOR)
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Carbon capture methods

PRE-COMBUSTION CO, CAPTURE

AIR SEPARATION UNIT

GASIFIER

SHIFT REACTION

CAPTURE
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Direct air capture

FANS DRAW RELEASED RELEASED
IN THE AIR CO,-FREE AIR CO_-FREE AIR

FILTER IS HEATED
TO RELEASE THE
CAPTURED CO,

STORED CO,
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A comparison between the CCS technologies

CO, capture
method

Efficiency

Operating
conditions

Advantages

Challenges

Pre- Up to 90% High pressure High due to Highly Require new
combustion and gasification efficient for infrastructure,
temperature process CO, removal high capital
at large scale investment
Post 80%-90% Ambient to Medium due Can be Energy-
combustion low to solvent retrofitted to intensive
temperature costs existing solvent
and pressure power plants  regeneration,
solvent
degradation
Oxy-fuel 90%-95% High High (oxygen Produces High cost of
temperature generationis  highly oxygen
costly concentrated separation,
CO2 stream equipment
for easier corrosion
capture
PCIC energy 22




Carbon storage

1. Depleted oil and gas fields =
2. Use of CO,; in enhanced oil and gas recovery ;
3. Deep saline formations - (a) offshore (b) onshore

4. Mineralisation

Injected CO.

- Stored CO-

Produced
oil or gas

a
=
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Uses of Captured Carbon

ENHANCEDL

Enhanced Oil Recovery (EOR):
Captured CO, can be injected into
depleted oil fields to help increase
oil extraction

oil
Recovery

‘CO2 ‘ Sustainability

COZ‘

Chemical Production: CO, can be 'I
used as a feedstock to produce

various chemicals, including ! ||

~ o o, fiF iy ;
methanol, urea, and  other 2 EE 2 = }
hydrocarbons. . Extractlve T
| - Industries Carbon Capture and ~ Methanol ';

PCIC energy Storage Production
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Sustainable Fuels: CO, can be
combined with hydrogen (produced
from water electrolysis or reforming) to
create synthetic fuels, such as
synthetic natural gas or liquid fuels.

Carbonated Beverages: Captured
CO, can be purified and used in the
beverage industry for carbonating
soft drinks and other beverages.
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Electricity intensive
Hz production ﬂ}

Synthetic fuel
made with (02

and electricity

Proportioning

Water

Beverage

COz2 captured
from the ambient air

Carbonation

Back in the
atmosphere

Carbonated
Beverage
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Building Materials: CO, can be utilized
in the production of building materials,
such as concrete and aggregates.

Cement -= Blended cement

p

Conventional cement Combined CO, mineralization
production & cement production

From Unavoidable CO, Source to CO, Sink?

for growing algae are
sunlight, water, and
carbon dioxide (CO2)

Gl‘ OWing Algae * The primary requirements

Algae Cultivation: Captured CO, can
be used in bioreactors to grow algae, -
which can then be harvested for |
biofuels, animal feed, or food
additives.

— * Photo bioreactors (PBR)
vs. Open pond Systems

¢ Algae requires nutrients
and environmental conditions
appropriate to the specific
algal species
-ranging from environments
as diverse as the arctic and
hot springs.
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Economic analysis of Blue Hydrogen

Overall Cost of Blue Hydrogen Production

ranges between $1.50 and $3.00 per
kilogram

Production Costs of Blue

Hydrogen vis Steam Costs of Carbon Capture and

methane reforming SUTE
Feedstock : Capital Costs
Costs: Opezrﬁtéonal : range from range from $30 to $70
e e $600 to $900 per ton based on
cost of natural Costs - per kilowatt technology, the
gas has : (kW) of concentration of CO,,
ranged from between $30 installed and the scale of the
$3 to $6 per to $50 per capacity operation
MMBtu megawatt-
hour (MWh)
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Market dynamic for hydrogen

Estimates for global hydrogen demand in 2050

Hydrogen production (Million tonnes)

Demand and Supply: The demand i |
for hydrogen, particularly in sectors & N
like  transportation,  industrial -
processes, and energy storage, is W ! B
expected to grow. B

0 e mn 1Y 22 2 R ey s

Source: IRENA (2022) Geopolitics on Hydrogen at www.irena.org @@ IRENA

Government Policies and Carbon Credit
Incentives: Various governments are Kol b i Q
implementing supportive policies and greenhouse gas emissions achieved

by certified climate action projects.”

incentives to promote the
development of blue hydrogen

1B = 1ton CO2e

carbon credit avoided / removed
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Future Price Predictions: As technological advancements and economies
of scale are achieved; the cost of blue hydrogen is expected to decrease.

Projected Cost of Blue Hydrogen (2023-2035)
1.50 —e— Blue Hydrogen Cost

1.45¢f
1.401
1.35f

1.30F

Cost of Blue Hydrogen (USD/kg)

1.25

1.20F

2024 2026 5028 2030 2032 2034
Year

PCIC energy Reference: Bloomberg NEF Hydrogen Cost updated 29



Blue hydrogen Market

Blue Hydrogen Market Size, By Region, 2018 - 2030
(USD Billion)

2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

W North America W Europe  MAsia Pacific  mLatin America W Middle East & Africa

Source: Polaris Market Research Analysis
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BLUE HYDROGEN AS A TRANSIOTNAL TECHNOLOGY

1 - Short-Term Emissions Reduction

Blue  Hydrogen offers an
Immediate solution for industries
to cut emissions while

transitioning to green hydrogen.
PCIC energy

Blue hydrogen can help phase out
higher-emission energy sources like
coal and oil, especially in heavy
iIndustries like steelmaking, refining,
and chemical production 31



2- Infrastructure Development

Utilize existing natural gas pipelines to scale

hydrogen production in the short term :

The computability of material should be assessed, and

- =

older steel pipes should be replaced with more resistant REPURPOSING

EXISTING GAS

. PIPELINES
materials.

Seals should be well upgraded, and pipelines maintained
and tested to prevent any hydrogen leak.
Reinforcement of pipelines should be done to ensure that

pipelines can safely handle higher pressures.
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Hydrogen Embrittlement: Hydrogen molecules are small and can penetrate the
metal of pipelines, potentially causing hydrogen embritttement, where the metal
becomes brittle and prone to cracking. To mitigate this, high-strength materials
such as certain grades of steel (e.g., X70 or X52) or composite materials are
often recommended.

Low Diffusion: Pipelines need to minimize hydrogen diffusion. Special coatings
or materials with low permeability to hydrogen are essential to reduce leakage
and maintain pipeline integrity.

Corrosion Resistance: Hydrogen can interact with certain pipeline materials,
causing corrosion over time. To prevent this, pipelines used for hydrogen
transport often include protective coatings or are made from corrosion-resistant
alloys.

Flexibility and Durability: Hydrogen pipelines need to be designed to handle
dynamic stresses such as temperature fluctuations, ground movements, or
vibrations without significant damage. Flexibility in the pipeline material helps in
preventing fractures or leaks.
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Germany and Netherlands are pioneers in adapting existing natural gas
networks to accommodate their existing natural network as a part of their

broader energy transition

In_Netherlands: About 85% of the OGE and Nowega have started the
network will consist of reused natural conversion of a 46 km natural gas pipeline
gas pipelines, which is 75% cheaper to hydrogen in Lower Saxony, Germany.

than building new infrastructure.

H_-Netz 2030

A0, Import terminal al
o~ tial oz

- otel s
QO Industrial cluster b e

= Planned hydrogen line :,' ’\‘ Northern
weed *s, _Netherlands

North Sea
Canal Area

Hydrogen
storage
(salt cavern)

Rotterdam
Zeeland
L Ruhr Area
Ghent (P O

Antwerp

(D Limburg " . weeerstortnese 2050
50 km 88 Raffinerien B8 Kavernenspeicher = Umstellung
A Chemie
50 mi & stan industrie

>
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Establishing hydrogen production, distribution, and storage networks for

blue hydrogen, regions and

industries can create the foundational

infrastructure required to support future green hydrogen scaling

Electrolysis

Hydrogen "
Production

0*——&—'.:" »

G ;
s Steam Reformation
and Cracking

Natural Gas —r—_ =|_ \
Blended H, into Natural
Gas Pipeline Network

Heating ] I
Power _Mm
End Use Enriched
Natural Gas Applications

(i

Separate H, Gas
from Natural Gas
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o3

Converted
into Ammonia

@

Hydrogen

—-’——c Ammonia End Use

] Agriculture
i

NH, Converted to H,
At Destination

Pure H,
—— = MNatural Gas
—— AMMonia

End Use Enriched
Natural Gas

Distribution of H,

Marine

h Truck
_ Rail
e

Heating
Industry Applications
Power
End Use
Light Duty
Medium Duty
Fuel Dispensin g
Heavy Duty
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- The initial hydrogen market driven by blue hydrogen can provide the
momentum for increased investment in electrolyzer technologies, which are

critical for scaling green hydrogen production.

FRECEDENLE ELECTROLYZER MARKET SIZE, 2022 T0 2032 (USD BILLION)

$ 45.48

$2.8

Source: www.preced enceresearch.com
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3- Technological Advancement

Developing blue hydrogen encourages investment in carbon capture and

storage (CCS) technology, benefiting other industries and sectors reliant on

carbon capture for decarbonization.

e~ .

N —— e [ [

LER N I Power, heat J T Jn. ‘/’ . - o=

‘ | and hydrogen fih gt W ‘f‘—

| 74 el L

€O caprure | 14 1% | //Y,.'\\ Coal |
oy |

_ W
Yow .

CO? b

g —

Qil and gas '

CO? storage
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Increase investment in  electrolyzer L C OLYZER
technologies that could be driven the 2 A
initial hydrogen market driven by blue ]I]:EDE

hydrogen

E753) BLUE HYDROGEN @ GREEN HYDROGEN

RENEWABLE
s 2 STU‘M ELECTRICITY ELECTROLYSIS

Advances in electrolyser technologies can o

complement existing blue hydrogen facilities, . m PERNIE
providing modular solutions for producers to b e
enhance thelr Opera’tions and reduce Carbon ZERD-EMISSIONS 'v D INDUSTRIAL POWERGENERAHON

footprint. - & m
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4- Economic Viability and Investment

- Blue hydrogen production can help generate
market interest in hydrogen as an energy
carrier, attracting investments that can later be
redirected toward green hydrogen

- Blue hydrogen can generate employment in
hydrogen production, carbon capture, and
infrastructure development
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5- Industry and Energy Transition

r/l:l—ard -to-abate gect;\l CCU integration in a hard-to-abate ser:tur\

®O0.. '@ gy o
@ fuels —
& Colhn

Soda aant+

Soda ash plant :
Wl
J‘ Qﬂda ash Mnl_y ﬁefeﬁ

Suda ay. ° ..
_— L1 ™
Up to 74% reduction i

Blue hydrogen can be deployed in sectors like chemicals,
refining, and heavy transportation, which are difficult to electrify.

/
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Hydrogen as energy storage

1 Year

PUMPED
1 Month STORAGE

HYDROGEN

1Day

DISCHARGE TIME

1Hour

BATTERIES

1kWh 10 kWh 100 kWh 1™ 10MWhH 100MVWhH 1 10 GWh 100 &V 1TWh 10TW
STORAGE CAPACITY

Blue hydrogen can act as long-term energy storage medium, particularly in
industries that require large amounts of energy and cannot immediately
transition to intermittent renewable sources

PCIC energy 41



Hydrogen is suitable for high temperature processes

Wash Waler

> * H.S Rch Gas
i Souxr Gaw
= D
_ Fresh _, tydopen o
Fydrogen Recycis
= Light *aphitha
& Hexvy Naphtha

e M oanne

— Cresal

Second Slage
Reacior Heator

Hydrocraker process in refinery

Blue hydrogen can be used in high temperature processes that require heat,
like steams reforming and hydrocracking, replacing the natural gas currently
used and reducing the overall carbon footprint operations.
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6- Policy and Regulatory Alignment

R : Transportation Regulations for Hydrogen
- Policies can serve as a steppingstone Energy Storage

to promote green hydrogen in the future
as carbon prices rise and renewables
become cheaper.

Thepowerfacts.com

Carbon pricing gives

L]
producers the option to: etBEr Sl RS
Carbon ‘\
N L . . o additional allowance} , allowances
Continue emitting and having Reduce their emissions Market
to pay for those emissions to avoid paying ’ 4 \

GHG released{
above cap =

GHG Emissions Cap

o6 1B E

I 15 1FI B

$ s "i\’F ®
‘F‘ |8

Company A Company B
Unable to meet GHG GHG emissions below
emission target. allocated amount.
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HYDROGEN
STORAGE

ELECTRICITY
. GENERATION r__
I ——.- / AGRICULTURE

CONVERTED TO
AMMONIA
o_ |[ SUPPLY AND

WATER ELECTROLYSIS GRID DISTRIBUTION
SERVICES
€2
P g NATURAL GAS
NETWORK

HYDROGEN

PRODUCTION 'EXPORT

HHHHHHH

STEAM REFORMATION
AND CRACKING

RESIDENTIAL POWER
APPLICATIONS

B
@o‘ OV W X

= a Lo oo "o*ng

INDUSTRY NEHicLEs SEE
APPLICATIONS

END USE

Fossil fuel companies can pivot to hydrogen production via blue hydrogen,
allowing them to adapt to the energy transition. This reduces resistance from
industries dependent on fossil fuels and allows smoother progress toward a

renewable hydrogen economy.
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/- Scaling the Hydrogen Economy

Stimulate hydrogen demand across various
sectors, transport, industry, and power
establishing the supply chains, markets, and
applications necessary for future green
hydrogen uptake.

knowledge gained from producing and
managing blue hydrogen can accelerate
the development of green hydrogen
technologies, facilitating smoother
technological and industrial transitions.
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Ammonia as hydrogen  carrier:
Ammonia is produced using hydrogen and
can serve as a carrier for hydrogen in
global energy markets

Fuel cells: The increased availability of
blue hydrogen can stimulate the
development and deployment of fuel cell
technologies, particularly in transport and
power generation

PCIC energy

The energy
density of NH;
is high (12.8
GJ/m3)

The
infrastructure
for NH;
storage and
transportatio

n already
exists

H, content of

NH; molecule

is high (17.6
wit%)

NH,
molecule
does not

contain
carbon atom

NH; is easily
liquified at
ambient
temperature
(25 °C)




Cases highlighting the growing adoption of blue hydrogen

- HyNet Northwest (United Kingdom)

« It combines blue hydrogen production with CCS, utilizing natural gas reforming
processes.

* The project leverages the region’s existing industrial infrastructure, minimizing new
capital expenditures while creating thousands of jobs.

« Hynet plans to reduce the region’s carbon emissions by 10 million tons annually by
2030.

« The captured CO, is stored offshore in depleted gas fields in Liverpool Bay

22D

Future hydrogen sources

CHESTER
o
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- Air Products’ Port Arthur Hydrogen Plant (United States)

« It operates one of the largest blue hydrogen plants in Texas, utilizing steam
methane reforming (SMR) with CCS.

« By capturing and storing over 1 million tons of CO, annually, the project not
only provides hydrogen for industrial uses but also benefits from tax credits for
carbon capture under the 45Q federal incentive.

« The project reduces the carbon intensity of hydrogen production, supplying low-
carbon hydrogen for refining processes, and setting the groundwork for
hydrogen use in other sectors I|ke transportatlon
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Shell’s Quest CCS Facility (Canada)

- The project captures and stores around 80% of CO, emissions from hydrogen
production at the Scotford Upgrader, where hydrogen is used to refine oil sands.

- The facility has captured and stored over 6 million tons of CO, since it began
operations (2015), enabling Shell to offset emissions from hydrogen used in the

refining process and reducing carbon taxes

QUEST CARBON
CAPTURE & STORAGE
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Challenges facing blue hydrogen

High cost of production: which remains
largely dependent on natural gas prices
and the economic viability of carbon
capture and storage (CCS) technologies

Infrastructure: the infrastructure required
for the transport, storage, and distribution
of blue hydrogen is still underdeveloped,

posing logistical challenges
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Natural Gas Well Site

Environmental concerns: associated
with methane leakage during the natural - Routine venting -
gas extraction process, which could -
negate the carbon savings attributed to
blue hydrogen.
‘ ’yrau‘licv ‘
fracturing fluid

Regulatory and policy: vary significantly
between countries, which can complicate
international investments and  the
development of a global hydrogen market.

m% MEA%PLAH%I@MWMH
”ifvﬁ& ?‘%‘”‘5
mﬂ“

PCIC energy



Long-Term Role of CCS Beyond Blue Hydrogen

Even as green hydrogen becomes more viable, CCS will continue to play an
iImportant role in other sectors of the economy.

Industrial Decarbonization: Industries
like cement, steel, and chemical production
will continue to require CCS, as complete
electrification or decarbonization through
hydrogen may not be feasible in the short
term.
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Long-Term Storage Solutions:
Developing CCS infrastructure now will
help lay the groundwork for long-term
CO, storage solutions that will be
necessary to achieve net-zero
emissions.

Direct Air Capture (DAC): CCS
technology will also be crucial for negative
emissions technologies, such as direct air
capture, which can remove CO, from the
atmosphere. DAC could complement
green hydrogen by addressing sectors
where emissions are hard to avoid.

PCIC energy
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Expanding CCS Beyond Industrial
and Energy Sectors : CCS could be
used to decarbonize agriculture sector,
by capturing emissions from large scale
livestock operation of applying CCS
technologies to biomass processing

Startups turning carbon into building materials, fuel, chemicals, and vodka

Construction materials =i Fuel b New materials
«  Cement and concrete a * Synthetic (methanol, _‘b-d:Hb— + Carbon fiber
+  Asphalt butanol, natural gas, 5 {H « Carbon nanotubes
CO t. | . t. . . Aggregkate syngas, etc.) + Graphene
" +  Timber/super hardwood +  Micro-algae fuel
, utilization: many emerging : e
teChnO|0g|eS for US|ng Captured Industrial gas & fluids ﬁ Polymers §, Adgriculture &food
=T Enhanced Ion recovery = Eggtcl:lt)f;r;et:;sg; \‘.; . j*g;:ii::zd food or
H + Power cycles . i
CO, such as enhanced oil recovery, L Ennanced cosl bea replacemen « Micabial etizer
methane recovery +  Many more « Biochar, bio-pesticides,

* Enhanced water recovery bio-cosmetics

Carbo n to Val ue . +  Semiconductor fabrication i Chemicals * Alcohol

3 * Flavors / fragrances
Preservatives

«  Medicines
»  Antifreeze
» Detergents
+  Many more
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Conclusions

Blue hydrogen offers a practical, short-term solution to reduce emissions
while laying the groundwork for a future dominated by green hydrogen.
CCS allows for the continued use of hydrogen in high-demand industries,
while also providing the flexibility needed to transition to a fully
renewable hydrogen economy.

CCS will remain a vital tool for reducing emissions in both hydrogen
production and other industrial applications, supporting the broader goal
of achieving a sustainable, zero-carbon future.

Governments, industries, and innovators must work together to ensure
that both CCS technologies and renewable energy systems are deployed

at scale to accelerate the shift toward sustainable energy
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Thank you for your attention
galzohbi@pmu.edu.sa
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Discussion

As we look toward a fully decarbonized future, do you think that blue hydrogen
and CCS have a viable long-term role in the energy transition, or are they
simply a stopgap measure until green hydrogen becomes more feasible?

What do you see as the most critical technical or economic barriers that
need to be addressed for blue hydrogen and CCS to significantly

contribute to the global hydrogen economy without delaying the shift to
green hydrogen?
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