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SUMMARY 

Hydrogen production by electrolysis provides a sustainable energy vector but current 
electrolyzers use ultrapure water. In some regions clean-water is limited but seawater is a 
widely available abundant resource. In a recent analysis, J. Niklas Hausmann and colleagues 
carry out a quantitative analysis to assess – does an economic case for direct seawater 
electrolysis exist? 
 

Water electrolysis offers a way to use intermittent renewable energy resources to generate 
hydrogen, a fuel that can be used in transportation, heating and as an energy store. This has 
led the research community to focus on improving existing technologies such as liquid 
alkaline and polymer electrolyte membrane (PEM) electrolyzers. A common feature of all 
currently available electrolyzers on the market is that they require a minimum of potable 
grade water and subsequent additional purification systems generate high quality deionized 
water which is critical to ensure longevity of device components.1 

One of the benefits of a hydrogen economy is that it could lead to decentralization of 
energy systems. But a potential problem arises – in a world where high purity water is not 
universally available, where do you source the water from for electrolysis? As seawater 
makes up >96% of global water, researchers have been increasingly seeking to develop 
catalysts, membranes and electrolyzers that can work with seawater or low grade surface 
water without further purification, figure 1. On the face of it this is an attractive option, by-
passing the need for additional infrastructure such as desalination plants. However, 
seawater is a complex mixture of components and technical challenges need to be 
overcome to enable catalytic selectivity, prevent corrosion and stop biofouling of the 
electrolyser.2,3 

In a recent review article on the scientific challenges we posed a question2  - does a cost-
benefit to direct seawater splitting exist that makes addressing the scientific challenges 
worthwhile? Now writing in Energy & Environmental Science J. Niklas Hausmann and 
colleagues have addressed the economics for direct seawater splitting and compared it to a 
two-step scenario with a reverse osmosis plant to initially generate potable water, figure 2.4 
Based off the efficiency and current costs of reverse osmosis the authors come to the 
conclusion that the capital and operating costs of the initial purification of the seawater is 
only a fraction of those associated with the electrolysis of pure water.  

This appears to be a closed and shut case, with current technologies direct seawater 
electrolysis makes no economic sense when an existing desalination plant already exists. But 
caution is required. The authors recognize the challenge of the comparison of capital costs 
of reverse osmosis and electrolysis4 due to the difference in maturity of technologies; 
advances in electrolyzer design and the effect of economies of scale will decrease the cost 



 

disparity. We also note that the differing electrochemical requirements mean that today’s 
established water electrolyzers are unlikely to be the devices of choice for direct seawater 
electrolysis. Amongst the most exciting developments is the emergence of anion exchange 
membrane (AEM) electrolyzers. These do not require precious metal catalysts, that 
represent the largest capex component of PEM, while offering some of PEM’s key benefits.5 
AEM electrolysis may also overcome several technological barriers to direct seawater 
electrolysis,6 for example commercial AEM use water feeds with carbonate concentrations5 
at or higher than that found in seawater and, some catalysts can operate effectively, and 
even show improved activity, in the presence of chloride.7 The economic analyses 
presented4 are important to inform design decisions today but these need to be regularly 
revisited as both the technological and economic arguments change. 

Regardless of the water source, technological breakthroughs are critical in enabling low cost 
green hydrogen. A second report in the same issue,8 suggests to refocus research effort 
away from direct seawater electrolysis and to invest in desalination systems. In our opinion, 
basic and applied research in the field is critical to solve other well-known challenges and to 
bring down the cost of electrolysis; for example, poor water quality is one of the main 
reasons for stack failure in PEM electrolyzers.1 This is why we believe that continuing high 
quality, basic research on direct seawater splitting is of fundamental importance as it 
provides technological solutions to handling impurities and knowledge on feed purity 
requirements and degradation benefiting the entire field of electrolysis.7 

We hope that this work4 triggers more detailed discussions of the economics, in particular 
on the effect of scale. Reverse osmosis plants are large installations, typically producing 
from 10,000 to close to 1 million m3 of water per day.9 There is a dramatic mismatch of scale 
with commercial electrolyzers, the largest available are 10 MW, requiring ~125 m3 water a 
day. The biggest single factor controlling capex of reverse osmosis is plant size9 so we 
caution the use of costs from large installations. The feasibility of construction of dedicated 
desalination sites for intermittent, small scale decentralized H2 production needs 
addressing. Alongside the economics of size of installation, it is also important to consider 
the system footprint. Hydrogen from seawater is of particular interest to the marine 
industry. Techno-economic models suggests that hydrogen production at offshore wind 
farms is competitive with direct electricity transmission to shore for distances > 40-50 km.10 
Here the footprint of the installation is critical, with cost and safety implications due to the 
requirement of restriction zones around hydrogen installations, and a smaller integrated 
one step system becomes highly desirable.  

We conclude that the recent economic analyses4,8 are important as they demonstrate that 
availability of fresh water should not be seen as a barrier to the implementation of a green 
hydrogen economy. Based off current PEM and liquid alkaline technologies the economic 
and energy arguments favor a two-step process for large centralized electrolysis 
installations. But we urge caution, as with many aspects of energy science a one-size fits all 
solution is unlikely to be appropriate with the size and location of installation being critical 
in assessing the viability of seawater electrolysis. As technologies advance and economies of 
scale change, it is important to regularly revisit these economic analyses. All agree that 
green hydrogen from seawater is likely to become an important approach, the question 
remains the same, direct from the sea or not to be? 
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Figure 1. The rising wave of science and engineering publications on seawater electrolysis‡  

‡ Publication numbers based on web of knowledge search (12/07/21) using the terms; “sea-water” or “seawater” 
or "sea water" and; “electrolysis” or “electrolyzer” or “splitting”. 

 



 

 

 

Figure 2. Two different pathways to generate H2 from seawater. Left: direct (1-step) electrolysis of seawater is 
achieved using a single device. Right: A 2-step process uses reverse osmosis plant to purify the water prior to 
electrolysis. Figure reproduced from reference [4] with permission from the Royal Society of Chemistry.  


