MEASUREMENT AND ANALYTICS

Water management in hydrogen production
Saving water resources

Introduction

The global shift towards sustainable energy
solutions has propelled hydrogen into the spotlight
as a key player in the quest for clean and renewable
alternatives. As nations strive to reduce carbon
emissions and combat climate change, hydrogen
production has emerged as a pivotal frontier.
However, the realization of hydrogen's potential is
not without challenges, particularly in the realm of
water management. This technical essay delves into
the intricacies of water usage in various hydrogen
production processes and explores the critical

role of effective water management in optimizing
efficiency and minimizing environmental impact.

The growing interest in hydrogen as a clean
energy carrier has spurred research and
development in various hydrogen production
methods, such as electrolysis, steam methane
reforming (SMR), and biomass gasification.

However, these processes often require
significant amounts of water, prompting

the need for effective water management
strategies to minimize environmental impact
and ensure sustainable production.

This note explores the critical role of water
management in enhancing the efficiency
and sustainability of hydrogen production
processes. As the global demand for clean
energy continues to rise, hydrogen has
emerged as a promising alternative.

Nevertheless, the production of hydrogen
often involves water-intensive processes,
necessitating a careful and strategic
approach to water usage. In this paper, key
considerations, challenges, and innovative
solutions for effective water management in
hydrogen production will be discussed.



Instrumentation in process monitoring

In the realm of hydrogen production, the role of
instrumentation in water management practices is
indispensable, serving as the linchpin for efficiency,
precision, and environmental stewardship.

Various types of instrumentation play crucial

roles in monitoring and controlling water usage
throughout the production process. Advanced

flow meters provide real-time measurements of
water consumption, enabling precise control and
optimization of water flow rates. Additionally,
conductivity sensors and analyzers facilitate

the monitoring of water quality, ensuring that
impurities are kept within stringent limits. The
integration of advanced level sensors aids in
maintaining optimal water levels within closed-
loop systems, contributing to water conservation.
Moreover, the advent of sophisticated control
systems, often powered by artificial intelligence
(Al) and machine learning algorithms, enhances

the adaptability and responsiveness of water
management practices. These technologies

enable predictive maintenance, early detection

of anomalies, and dynamic adjustments to water
treatment processes, optimizing overall efficiency.
The seamless synergy of these instrumentation
types not only ensures the judicious use of water
resources but also aligns hydrogen production with
sustainable and technologically advanced practices.

Steam Methane Reforming (SMR)

Steam methane reforming is a dominant method for
hydrogen production, capitalizing on the reaction
between methane and steam to yield hydrogen

and carbon dioxide. This industrial process for
producing hydrogen and accounts for about 95%
of the manufactured hydrogen in the United States.
This process, while efficient, is inherently water-
intensive. For every mole of hydrogen produced,
approximately three moles of water are required.
The large-scale adoption of SMR raises concerns
about the strain on water resources, especially in
regions already grappling with water scarcity.

Process overview
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Steam Methane Reforming involves the reaction

of methane (CH4) with steam (H20) under high
temperatures (700°C to 1000°C) and pressures
(3-25 bar) in the presence of a nickel-based catalyst.

The primary reactions occurring in the reformer are:
1. Steam Reforming Reaction: CH4 + H,O - CO + 3H,
2. Water-Gas Shift Reaction: CO + H,O » CO, + H,

These reactions are endothermic and require
substantial energy input, which is typically
provided by burning a portion of the natural
gas feed. The output is a mixture primarily
composed of hydrogen, carbon monoxide,
and a smaller amount of carbon dioxide.

Historical evolution of the process

The development of steam methane
reforming has evolved significantly since
its inception in the early 20th century:

1930s: Initial development focused on producing
hydrogen for ammonia synthesis.

1960s: Advances in catalyst technology improved
efficiency and reduced costs, expanding its use in
petrochemical industries.

1980s-2000s: Enhancements in process design
and thermal efficiency, coupled with better heat
integration practices, have made SMR a
cornerstone in hydrogen production.




Impact on water consumption

Water is a critical input in the SMR process,
primarily used as steam. An average-sized SMR
facility producing around 100 million standard
cubic feet per day of hydrogen consumes about 28
million gallons of water per year. This substantial
use underscores the importance of optimizing
water management within the process.

Role of digital instrumentation

Digital instrumentation plays a pivotal role
in optimizing the SMR process, enhancing
both efficiency and sustainability:

Flow measurement and control: Accurate
measurement of steam and natural gas flows
is crucial. Advanced flowmeters, like Electro-
magnetic flowmeters, can be integrated for
precise flow control, reducing wastage and
ensuring optimal stoichiometric ratios.
Process analyzers: Online gas analyzers help

in real-time monitoring of gas compositions,
allowing for immediate adjustments in process
parameters, improving yield, and reducing by-
product formation.

Advanced Process Control (APC): Implementing
APC systems can significantly enhance process
efficiency by optimizing operating conditions.
This includes temperature, pressure, and flow
rates, leading to lower energy and water
consumption.

Predictive maintenance: Using sensors and loT
technology, predictive maintenance can be
employed to foresee equipment failures before
they occur, reducing downtime and preventing

excessive water use due to inefficient operations.

Efficient water management

Incorporating advanced water recycling and
treatment technologies can further reduce

the water footprint of SMR processes. For
example, condensate from process steam can
be treated and reused as boiler feed water.
Implementing such systems requires precise
control and monitoring, where digital solutions
provide substantial benefits. Steam Methane
Reforming is a critical process for hydrogen
production, yet it poses challenges, particularly
regarding water use and energy consumption.

By leveraging digital instrumentation and smart
technologies, the efficiency and environmental
impact of SMR can be significantly improved,
supporting more sustainable industrial practices.

Electrolysis

Electrolysis, an alternative method for hydrogen
production, involves the splitting of water into
hydrogen and oxygen using an electric current.

This process is considered one of the key solutions
for producing green hydrogen when powered by
renewable energy sources. While electrolysis has
the advantage of producing hydrogen without
carbon emissions, it still necessitates water. The
water consumption in electrolysis is significantly
lower than in SMR, with approximately 9 to 12
liters of water required per kilogram of hydrogen
produced. Optimizing electrolysis processes and
exploring alternative water sources are crucial for
minimizing the water footprint in this method.

Process overview
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Electrolysis of water is carried out in an
electrolyzer that consists of two electrodes
(anode and cathode) separated by an electrolyte.
Key types of electrolyzers include:

« Alkaline electrolyzer: Uses a solution of
potassium or sodium hydroxide as the electrolyte.

« PEM (Proton Exchange Membrane) electrolyzer:
Uses a solid polymer electrolyte that allows only
positive ions to pass through it.

« SOEC (Solid Oxide Electrolysis Cells): Operates
at high temperatures (700°C to 800°C) using a
ceramic electrolyte.

The general reaction in electrolysis can be
expressed as: 2H,0(l) - 2H.(g) + 0.(9)

This process is energy-intensive, with
approximately 39 kWh of electricity required to
produce 1 kg of hydrogen via PEM electrolysis.

Historical evolution

1800: William Nicholson and Johann Wilhelm Ritter
first performed electrolysis on water.

1930s: Development of industrial-scale
electrolyzers.

1970s: Energy crises prompted renewed interest in
electrolysis for hydrogen production.

2000s: Advances in membrane and electrolyte
technology improved efficiency and reduced
costs, making electrolysis viable for larger scale
applications.



Impact on water consumption

Electrolysis requires high-purity water, typically
demineralized or deionized, to avoid electrode
fouling and to ensure efficient operation. For
every kilogram of hydrogen produced, about 9
liters of purified water are needed. While this is
a significant amount of water, the overall water
footprint can be managed through effective
water treatment and recycling strategies.

Role of digital instrumentation

Digital instrumentation is crucial for
optimizing the electrolysis process and
ensuring efficient water management

Electrical conductivity sensors: Monitor water
purity to prevent scale and prolong the life of the
electrolyte and electrodes.

Flowmeters: Electromagnetic flowmeters are used
to accurately measure water input and hydrogen
output, ensuring that the system is balanced and
operating efficiently.

Pressure and temperature sensors: Critical for
monitoring the condition and performance of the
electrolyzer, especially in high-temperature
environments like those in SOEC.

Advanced Process Control (APC): Utilizes real-
time data from sensors to adjust operating
parameters dynamically, improving energy
efficiency and system responsiveness.

Data analytics: Big data and Al algorithms analyze
trends and predict system performance, leading
to better management of resources and
preemptive maintenance scheduling.

Efficient water management

Digital tools help in implementing advanced water
recycling systems within electrolysis plants. For
example, the oxygen and excess steam produced
can be condensed and reused as input water,
significantly reducing the net water consumption.
Electrolysis presents a viable method for producing
green hydrogen, particularly when integrated

with renewable energy sources. Although the
process is water-intensive, advancements in digital
instrumentation and smart water management
strategies can significantly mitigate environmental
impacts. As the demand for sustainable hydrogen
increases, continuous innovation in technology
and process optimization will be key to the

success of electrolysis in the hydrogen economy.

Biomass gasification

In the pursuit of sustainable hydrogen, biomass
gasification has gained attention. This process
involves converting biomass materials (such as
wood chips, agricultural residues, or energy crops)
into a synthesis gas (syngas) composed primarily of
hydrogen, carbon monoxide, and carbon dioxide.

This process not only contributes to the reduction
of fossil fuel use but also leverages renewable
organic materials. Water is a key component in
biomass gasification, serving both as a reactant
and a cooling agent. The challenge lies in balancing
the water requirements of the gasification

process with the need for water conservation.

Process overview - Hydrogen production through biomass gasification
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Biomass gasification involves subjecting
biomass to high temperatures (700°C to

1400°C) in an oxygen-limited environment, which
significantly reduces the combustion process,
allowing for the production of syngas instead

of complete conversion to ash and emissions.
The main stages of biomass gasification are:

Drying: Biomass is dried to reduce moisture
content, improving gasification efficiency.

2. Gas cleanup
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« Pyrolysis: Thermal decomposition of dried
biomass occurs, producing char, tar, and
volatile gases.

« Combustion: Limited oxygen is introduced to
partially combust the biomass, generating heat
to sustain the gasification process.

« Reduction: The remaining char reacts with the
produced CO2 and steam to generate additional
hydrogen and carbon monoxide.



The key chemical reactions in the gasifier are:
C + H,0 (steam) » CO + H,

C+CO;~»2CO

C+2H, > CH,

Historical evolution

Early 1800s: The concept of producing gas from
wood was developed.

1940s-1950s: Biomass gasification was used
extensively during World War Il when petroleum
supplies were scarce.

1970s: The oil crises renewed interest in biomass
as a feedstock for gas production.

2000s to present: Advances in technology have
improved the efficiency and environmental
footprint of biomass gasification, positioning

it as a sustainable alternative for hydrogen
production.

Impact on water consumption

Water is used primarily in the biomass gasification
process for moisture control and as steam to
facilitate the gasification reactions. Water use
efficiency is critical, as excessive consumption can
offset the environmental benefits of using biomass.

On average, about 3-5 kilograms of water is
required per kilogram of hydrogen produced,
depending on the process configuration

and biomass moisture content.

Role of digital instrumentation
Digital instrumentation enhances
process efficiency and environmental
sustainability in biomass gasification:

« Moisture sensors: Accurately measure the
moisture content of the biomass feedstock to
optimize the drying process and improve overall
efficiency.

« Flowmeters: Monitor and control the flow of gases
and steam within the system. Electromagnetic
flow meters can be particularly effective in
managing liquid inputs and outputs.

« Temperature and pressure sensors: Critical for
monitoring the operational conditions within the
gasifier, ensuring that the process remains within
optimal parameters.

« Gas analyzers: Continuously analyze the
composition of the syngas to optimize process
conditions and maximize hydrogen production.

« Advanced Process Control (APC): Leverage data
from sensors to dynamically adjust process
parameters, reducing waste and enhancing
resource use efficiency.

Efficient water management

Incorporating water recycling strategies is
essential. Condensate from syngas cooling and
cleanup can be treated and reused within the
process, significantly reducing fresh water needs.
Digital tools facilitate precise control over these
processes, ensuring effective water management
and sustainability.Biomass gasification is a
viable technology for producing hydrogen in

an environmentally sustainable manner. With
advances in digital instrumentation and process
control technologies, it is possible to enhance
the efficiency of biomass gasification while
minimizing its environmental impact, particularly
concerning water use. As this technology
continues to evolve, it holds substantial promise
for contributing to a sustainable energy future.



Water consumption in hydrogen production

The International Energy Agency (IEA)
reports that global hydrogen production
annually consumes about 583 billion cubic
meters of water, highlighting a critical issue
in the context of global water scarcity.

This significant figure underscores the

need to address the environmental and
technological challenges associated with
hydrogen production, especially as the world
moves towards greener energy solutions.

- Efficiency of electrolyzers: Electrolyzers, which
are crucial for the electrolysis process to produce
hydrogen, currently operate at efficiencies
ranging from 60% to 80%. This variability affects
water usage, with higher efficiency translating to

less water required per unit of hydrogen produced.

The challenge lies in enhancing the efficiency of
these systems to minimize water usage without
compromising output.

Water purity: Electrolysis necessitates the use of
highly purified water to prevent damage to the
electrolyzers. This requirement adds a layer of
complexity and cost to hydrogen production,
making it essential to innovate in ways that can
accommodate less pure water sources while
maintaining system integrity.

Environmental challenges

» Water scarcity: The optimal locations for
renewable energy installations, crucial for green
hydrogen, often face severe water shortages.
Regions like North Africa and the Middle East,
despite their high solar energy potential, are

arid. This scarcity poses a significant barrier

to deploying large-scale hydrogen production
facilities in these areas.

Ecological impact: The extensive water
withdrawals required for hydrogen production
have the potential to significantly affect local
water resources. This impact extends to both
human populations and local ecosystems, making
it imperative to develop sustainable practices that
balance industrial water use with ecological and
community needs.

Technological solutions and innovations

« Improved electrolyzer technology: Recent
advancements in electrolyzer technology are
geared towards increasing water use efficiency
and reducing reliance on highly purified water.
The development of anion exchange membrane
(AEM) electrolyzers, which can operate with lower
purity water, exemplifies such innovation.

- Water recycling systems: The implementation of
closed-loop systems that recycle the water used in
hydrogen production can dramatically lower net
water consumption. These systems treat and
reuse water on-site, minimizing overall water
use and setting a precedent for sustainable
industrial practices.

- Use of non-traditional water sources: Ongoing

research is exploring the use of seawater in

hydrogen production. Despite the challenges
posed by its corrosive nature, seawater
electrolysis could drastically reduce the need

for freshwater. Developing technologies to

mitigate corrosion and enhance efficiency

is crucial for this approach.

Integrated renewable and water-saving

solutions: Linking hydrogen production with

renewable energy sources not only renders the
hydrogen production process greener but also
optimizes water usage. For instance, the strategic
placement of solar panels over canals and water
bodies can reduce water evaporation while
simultaneously generating power, showcasing an
innovative approach to resource conservation.

The challenges and opportunities at the intersection
of water management and hydrogen production

are significant. By leveraging advanced metering
technologies, such as electromagnetic flowmeters,
we can enhance our ability to manage and optimize
water use in hydrogen production processes. Such
advancements are not just pivotal for achieving
more sustainable hydrogen production but

also align with broader global objectives for a
sustainable and water-efficient future. As hydrogen
production scales globally, the incorporation of
innovative water-saving technologies and strategies
will be essential. Continuous investment in research
and development, coupled with cross-industry
collaboration, will be vital to overcoming these
challenges and fully realizing hydrogen's potential
as a cornerstone of a sustainable energy landscape.
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