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Ultrapure water is a small line item in green hydrogen 

budgets, but a single point of failure for the entire plant, 

writes sbh4's Stephen B. Harrison. 

Each kilogramme of green hydrogen requires 9 to 10 

litres of ultrapure water, and any interruption in supply 

can force a full electrolyser shutdown. This equates to 
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circa 200 litres of water per megawatt of electrolyser 

capacity per hour of operation. To generate that amount 
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is required. 

As projects scale to multi-hundred-megawatt and 

gigawatt levels, the reliability and design of water 

treatment becomes mission-critical. 

Consistent quality and reliable supply 

With freshwater feed, ultrapure water systems typically 

account for around 4% to 8% of electrolyser plant capex, 

rising to 70% to 75% when desalination is included. This is 

a combination of dosing chemical costs and electrical 

power for high-pressure water pumps. Operating costs 

are comparatively low, generally below 7% of total plant 

apex, increasing to 3% when seawater desalination is 

required. 

Ultrapure Water for Electrolysis Unit Operations 
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Function lmpurrty Removal 

Mechanical grate Remove large debris Solid debris is physically removed from the grate to be disposed of 

Raw water intake Draw seawater or river water N/A 
Prechlorination and flocculation Chlorine and Al2(S0,) 3 precipitate heavy metal ions Floes are removed in the multimedia filter bed 
Multimedia sand and gravel bed Remove mud. sludge, sand, algae & floes Backwash with air and water 

Activated carbon filter Chlorine and dissolved organic compound removal Spent activated carbon filter cartridge is replaced and disposed of 
Water softening Replace Ca1• and Mg1• hard water ions with Na• ions Backwash with brine 
low-pressure reverse osmosis (LPAO)• Remove mono• and multi•valent ions and microbes Backwash with water frequently, backwash with chemicals 

occasionally 

Pure water buffer tank Intermediate storage of water Microbes multiply during storage and ions can dissolve into the 
water 

Electro de•ionisation (EDI) 
Ultraviolet (UV) sterilising lamp 

Ultrafilter 

Degassing 

Introduce water to electrolyser water/ 
lye recirculation circuit 

EDI and degassing 

Filtration and degassing 

Polishing to remove traces of ions Ions build up in the concentrate discharge 

Kill bacteria and other microbes Dead organisms are removed during ultrafiltration 
Remove dead organisms Backwash with water frequently, backwash with chemicals 

occasionally 

Remove dissolved nitrogen and CO2 Gases are vented to the atmosphere 
Top up water in the electrolyser to enable hydrogen Degassing, EDI and filtration may be used in the electrolyte recircu• 
and oxygen generation lation circuit to remove impurities generated in the electrolyser 

Pure water purification in the PEM water recycle loop As above 

to remove dissolved ions from corrosion and CO2 

from dissolved hydrocarbon decomposition on the 

electrolyser 
Lye filtration to remove precipitated carbonates formed Lye filter backwash to water treatment plant 
by reaction of CO2 with lye, CO2 degassing 

• Thermal desalination may take place here, if required or the reverse osmosis may be operated as high-pressure sea water reverse osmosis (SWRO or HPAO! if desalination is required 

While these costs are modest, the consequences of 

failure can be very high. Reliability is therefore key. An 

interruption to the water supply would mean the 

electrolyser must shut down. 

Impure water can be extremely damaging to the 

electrolysers. Calcium or magnesium cations in the 

water will rapidly damage a PEM electrolyser 
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must be replaced. 
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remove calcium and magnesium ions. These are 

especially damaging to PEM electrolyser membrane 

electrode assembly (MEA) catalysts. 

Ultrapure Water for Electrolysis 

sbh4 
consulting 
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Separation Process for Water Purification 
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Large Debris __ Y- __ __Y- __ __ Y- __ __ Y- __ __Y- __ __Y- __ 

Sand, Mud, Algae --~-- __ Y- __ __ Y- __ __Y- __ __Y- __ __Y- __ 
and Slime 

Bacteria, Protozoa, --~-- --~-- __ Y- __ __ Y- __ __Y- __ __Y- __ 
Suspended Solids 

Viruses --~-- --~-- --~-- __ Y- __ __Y- __ __Y- __ 

Dissolved Organic --~-- --~-- --~-- --~-- --~-- __ Y- __ 
Substances 

Divalent/ --~-- --~-- --~-- --~-- --~-- __ Y- __ 
Multivalent Ions 

Monovalent Ions --~-- --~-- --~-- --~-- --~-- __ Y- __ 

Ultrapure Water --~-- --~-- --~-- --~-- --~-- --~--

Reverse osmosis (RO) is a core technology for the final 

stages of freshwater purification and seawater 

desalination. To purify fresh water, low-pressure reverse 

osmosis (LPRO) can be used. It operates at around 15 

bar. The power consumption of an LPRO plant is in the 

order of l0kWh per m 3 of treated water. Between 70% 

and 85% of the water is recovered. 

Polishing processes 

After LPRO to purify the fresh water, intermediate buffer 

storage is generally implemented. As water is withdrawn 

from the storage, it may flow through an 

electrodeionisation (EDI) plant for polishing. Here, the 

power requirement is similar to LPRO at 70 kWh/m 3 of 

water. The concentrate discharged from the EDI plant 

can be fed to the LPRO inlet to recover water. 

EDI is a mature technology that has been applied to 

create demineralised water for supercritical steam 

generation, for example, in concentrated solar plants. 
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