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INTRODUCTION
Blue Hydrogen is a promising energy source that can play a pivotal role in the 
transition to a low-carbon and sustainable future. It is produced through a process 
that combines natural gas with carbon capture and storage (CCS) technologies.  

Blue Hydrogen is produced through the steam methane reforming (SMR) process, 
which combines natural gas with high-temperature steam to produce hydrogen. 
This process involves several critical stages, including methane conversion, CO2 
capture, and hydrogen purification. Water is essential in various aspects of the 
production process, from steam generation to cooling and purification.

FUNCTION OF WATER IN BLUE HYDROGEN PRODUCTION
Water serves multiple purposes in Blue Hydrogen production, including:

Steam Generation: Water is used to generate high-temperature steam through the 
combustion of natural gas. This steam is essential for the SMR reaction. In the SMR 
process, natural gas (mostly methane, CH4) reacts with steam (water vapor, H2O) to 
produce hydrogen (H2) and carbon monoxide (CO): CH4+H2O        CO+3H2

CO2 Capture: In Blue Hydrogen production, CO2 is captured and stored. Water is 
involved in the chemical absorption of CO2, making it a crucial component of the 
CCS process. In post-combustion capture, CO2 is captured from the flue gas after 
the combustion of fossil fuels. One common technology for post-combustion 
capture is amine-based absorption. For Post-Combustion Capture, water is used 
as a solvent in this process. Typically, an aqueous solution of amines (such as 
monoethanolamine, or MEA) is used as the absorbent. In pre-combustion capture, 
CO2 is captured before the combustion of fossil fuels. This is often associated with 
processes like gasification of coal or natural gas. Water is used in the gasification 
step, where steam reacts with the fuel (e.g., coal or natural gas) to produce a 
syngas (a mixture of hydrogen and carbon monoxide) and other by-products:
C+H2O        CO+H2   and   CO+H2O        CO2+H2
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Hydrogen Purification: Water is used in the purification of hydrogen to remove 
impurities and ensure the final product’s high quality. The produced hydrogen-rich 
gas from the SMR process often contains some carbon monoxide, which needs to 
be further reduced to increase the purity of hydrogen. The water gas shift reaction 
is commonly employed for this purpose: CO+H2O        CO2+H2

The are various water sources used in Blue Hydrogen production. The choice 
of water source can significantly impact the water quality and environmental 
footprint of Blue Hydrogen production. Common water sources include:

Freshwater: Sourced from lakes, rivers, or groundwater, freshwater is a traditional 
choice for Blue Hydrogen production.

Brackish Water: This source is saline but contains fewer dissolved solids than 
seawater. It can be suitable for certain processes, provided it meets quality 
standards.

Seawater: Seawater is an abundant resource, but its high salinity and mineral 
content require specialized treatment and impact overall process efficiency.

Each water source has its advantages and disadvantages, which must be carefully 
considered in the context of Blue Hydrogen production. The choice of water source can 
depend on factors such as availability, cost, environmental impact, and regional regulations.

WATER SOURCES FOR BLUE HYDROGEN PRODUCTION

To maintain water quality for blue hydrogen production, several parameters must 
be monitored and controlled. Key parameters include:

• pH: Ensuring the appropriate pH level is essential for various processes, including 
CO2 capture. Typically, the pH level should be maintained within a specified range 
(e.g., 6.5 to 8.5) to ensure compatibility with the SMR process and CO2 capture.

WATER QUALITY PARAMETERS
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• Total Dissolved Solids (TDS): TDS should be controlled within defined limits to 
prevent fouling and scaling in equipment.

• Chlorides: High chloride levels can corrode equipment and impact the efficiency 
of the SMR reaction. Chloride levels must be kept low to prevent corrosion in 
the high-temperature environments of the hydrogen production process.

• Sulfates: Elevated sulfate levels can interfere with hydrogen purification and 
decrease product quality. 

• Microbial Contaminants: Strict control and monitoring of microbial 
contaminants are essential to prevent biofouling and microbiological growth 
in water systems. 

In addition to specific water quality standards, blue hydrogen production facilities 
must comply with local, regional, and national regulations governing water use 
and discharge. Environmental agencies and authorities may impose additional 
requirements to protect local ecosystems and water resources.

Failure to maintain adequate water quality in blue hydrogen production can lead to 
various negative consequences, including:

• Reduced Efficiency: Poor water quality can decrease the efficiency of the SMR 
process, resulting in lower hydrogen production rates and increased energy 
consumption.

• Equipment Damage: Corrosion, scaling, and fouling caused by poor water 
quality can lead to significant equipment damage and maintenance costs.

• Lower Hydrogen Purity: Inadequate water quality can compromise the purity 
of the hydrogen product, affecting its market value.

• Environmental Impact: Water quality issues can also impact the environmental 
sustainability of blue hydrogen production, including CO2 capture and storage.

• Operational Disruptions: Microbiological growth and fouling can lead to 
unplanned shutdowns and maintenance.

IMPACTS OF POOR WATER QUALITY
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CONCLUSION
In conclusion, Water plays an essential role in Blue Hydrogen generation. 
Maintaining high water quality is crucial to the overall success of Blue Hydrogen 
production. Poor water quality can result in reduced process efficiency, equipment 
damage, and increased operating costs. In addition, water quality affects the 
environmental sustainability of the production process, including CO2 capture 
and storage. Water quality is integral to the efficiency and sustainability of Blue 
Hydrogen production.
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