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Why Anion Exchange
Membrane (AEM)

Electrolysis is the Future of
Hydrogen



Introduction

As industries strive for energy
independence and supply chain
resilience, on-site hydrogen
production is becoming a
strategic advantage.
Traditionally, industries relying
on hydrogen—such as
semiconductor manufacturing,
steel production, fertilizer plants,
and chemical processing—have
been tied to centralized
suppliers and volatile supply
chains, exposing them to
fluctuating prices, transportation
costs, and delivery risks.

However, decentralized
hydrogen production is now a
viable and cost-effective
alternative.

Anion Exchange Membrane
(AEM) electrolysis is emerging as
the leading technology to make
on-site hydrogen production
both affordable and efficient. By
combining the low-cost
materials of alkaline electrolysis
(AEL) with the high efficiency of
proton exchange membrane
(PEM) systems, AEM enables
industries to achieve hydrogen
self-sufficiency with a lower
Levelized Cost of Hydrogen
(LCOH) and fewer supply chain
dependencies.

This paper explores how AEM
electrolysis offers a competitive
edge for industries seeking
supply chain autonomy, cost
stability, and decentralized
energy resilience.



Understanding AEM
Electrolysis

AEM electrolysis splits water into hydrogen and oxygen using an
anion-conducting membrane in a mildly alkaline environment.
Unlike PEM electrolysis, which requires expensive platinum-group
metals (PGMs), AEM uses non-precious metals such as nickel and
iron, significantly reducing capital costs.

This technology enables industries to produce hydrogen on-site
without relying on large-scale, centralized production facilities or
costly transportation networks.

How It Works

01 Electrochemical Reaction: Water molecules undergo a reaction
at the anode, producing oxygen gas, electrons, and hydroxide

ions (OH").

02 lon Transport: The hydroxide ions travel through the anion
exchange membrane to the cathode, driven by the applied

voltage.

03 Hydrogen Evolution: At the cathode, the hydroxide ions react
with electrons to produce hydrogen gas.

By operating in a mildly alkaline environment, AEM electrolyzers
reduce material costs while maintaining high efficiency and

durability.



Advantages of AEM
for Decentralized
Hydrogen Production



1. Lower LCOH with On-Site
Production

Industries that currently purchase hydrogen from third parties face
high Levelized Cost of Hydrogen (LCOH) due to:

- Transportation expenses (compression, storage, and delivery)
- Supplier markups
- Price volatility in global hydrogen markets

By switching to AEM-based on-site production, industries can
eliminate transportation costs and reduce their LCOH by 20—-40%,
depending on local energy prices.

- Centralized hydrogen cost (delivered): $6-$9/kg H-

- AEM on-site production cost: $3-$5/kg H. (with renewable
energy integration)

- Future LCOH with AEM by 2030: $2/kg H:, making it competitive
with fossil-derived hydrogen

This translates into long-term cost stability, shielding industries from
market fluctuations.



2. Supply Chain Independence and
Energy Security

Relying on external hydrogen suppliers exposes industries to:

- lLogistics bottlenecks
- Price volatility due to fuel and transport costs
- Limited supplier availability in certain regions

With AEM electrolyzers, companies can produce hydrogen
autonomously, ensuring continuous operations without disruptions
caused by external supply chain constraints, benefiting from:

- Reduced dependency on third-party suppliers
- Localized hydrogen production reduces supply chain risks
- Predictable operating costs with stable LCOH



3. Cost-Effective Technology with
Low CAPEX

AEM electrolysis offers a lower capital expenditure (CAPEX)
compared to PEM technology by using non-precious metal catalysts
and simpler stack components.

- PEM electrolyzers require platinum and iridium, driving up system
costs to $1,200—$1,400/kW in Europe and $1,000-$1,200/kW in
China.

- AEM electrolyzers, by contrast, are projected to reach $1,000/kwW
by 2025 and $500/kW by 2030—making them 50% more cost-
effective than PEM systems.

For industries deploying multiple electrolyzers, this represents
millions in CAPEX savings.



4.Flexible, On-Demand Hydrogen
Production

Centralized hydrogen supply models often require industries to store
large quantities of hydrogen, which is costly and logistically
complex.

AEM technology enables:

« On-demand production, eliminating the need for large storage
facilities

- Modular scalability, allowing companies to expand production
capacity as needed

- Dynamic load response, making AEM electrolyzers ideal for direct
coupling with renewable energy sources

This flexibility reduces storage costs and enhances operational
efficiency.



5. Energy Efficiency with Lower
Operating Costs

AEM electrolyzers offer PEM-like efficiency with significantly lower
operating expenses.

- Alkaline systems (AEL) typically consume 55 kWh/[kg Hz,
achieving around 70% efficiency.

- PEM systems, while more efficient, require platinum-group
catalysts and operate at 563 kWh/kg Hz with ~80% efficiency.

- AEM electrolyzers match PEM efficiency at 53 kWh/kg H=—but
without the expensive rare-earth metals, driving down LCOH.

This makes AEM an operationally cost-effective solution for
industries producing hydrogen on-site.



6. Simplified Infrastructure with
Lower Maintenance Costs

AEM electrolyzers have fewer infrastructure requirements
compadred to PEM systems.

- No need for complex cooling systems or high-pressure
compressors

. Mode;qte water purity requirements (industrial-grade deionized
water

- Lower balance-of-plant (BoP) costs, reducing long-term
Mmaintenance expenses

This makes AEM particularly attractive for remote and decentralized
production sites.



AEM vs. Traditional Electrolysis
Technologies

Feature

LCOH
Potential

Material
Cost

System
Efficiency

Supply
Chain
Autonomy

CAPEX

Scalability

AEM
Electrolysis

$2/kg H: by
2030

Low (non-
precious
metals)

80% (~53
kWh/kg Hz)

Full
autonomy
with on-site
production

Lower
(~$500-
$1,000/kwW
by 2030)

Modular,
scalable

PEM Electrolysis

$4-$5/kg H: by
2030

High
(platinum/iridium)

80% (~53 kWh/kg
Hz)

Partial autonomy
(higher costs)

High (~$1,200/kw)

Modular, scalable

Alkaline

Electrolysis
(AEL)

$3_$4/kg H2
by 2030

Low (nickel-
based)

70% (~55
kwWh/kg Hz)

Limited
autonomy
(centralized

supply)

Lowest
(~$300-
$600/kW)

Bulky, less
scalable



The Future of AEM
Electrolysis:
Autonomous
Hydrogen Production



As industries increasingly prioritize energy independence, cost
stability, and supply chain resilience, AEM technology is emerging as
the ideal solution for decentralized hydrogen production.

By offering:

+ Lower LCOH through on-site generation
- Reduced reliance on external suppliers
- Flexible and scalable production

- Lower CAPEX and maintenance costs

AEM enables industries to take control of their hydrogen supply,
reduce operational risks, and achieve cost stability—all while
maintaining high efficiency.

For industries seeking supply chain autonomy and lower LCOH, AEM
electrolysis offers a superior alternative to centralized hydrogen
sourcing. With lower CAPEX, competitive efficiency, and operational
flexibility, AEM technology is the key to cost-effective, decentralized

hydrogen production—delivering long-term economic and strategic
advantages.
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