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The International Renewable Energy Agency 
(IRENA) projects that hydrogen and its derivatives 
could account for up to 12% of worldwide energy 
consumption by 20501. Meeting this demand  
sustainably will require significant growth in the 
production capacity of both ‘blue’ and ‘green’  
hydrogen.

Green hydrogen holds enormous potential as 
a decarbonization agent by serving as a sta-
ble carrier and chemical storage medium of 
clean energy produced by renewables and as 
an input for carbon-neutral e-fuels, such as 
eMethanol and eAmmonia. However, there are 
still hurdles to overcome on the way to creat-
ing a sustainable and prudent green hydrogen 
economy.

First, the cost of producing green hydrogen 
must be reduced dramatically. While the lev-
elized cost of energy (LCoE) has the most 
considerable influence on overall project eco-
nomics, the efficiency of the production plant 
itself is also important. To this end, develop-
ers must be strategic when selecting energy-
intensive equipment, such as compressors and 
electrolyzers. A holistic development approach 
is also required to ensure that processes are 
optimized around operational constraints to 
maximize production and revenue over the fa-
cility’s life.

Compressor considerations
Reciprocating and centrifugal turbocompressors 
are the two primary means of compressing hydro-
gen today. Both have demonstrated success in a 
wide range of industrial applications.

Reciprocating compressors work on the princi-
ple of positive displacement, which means that 
compression efficiency is unaffected by the low 
molecular weight of hydrogen. As a result, even 
at partial loads (down to 50%+), efficiencies as 
high as 90% can be achieved.2

Generally speaking, reciprocating compres-
sors can achieve higher compression ratios 
in fewer stages than turbocompressors. How-
ever, the efficiency advantage of reciprocating 
machines can diminish at high flow volumes. 
Because of this, turbocompressors are more 
often applied in moderate- to high-flow appli-
cations with lower pressure ratios. Reciprocat-
ing compressors, on the other hand, are bet-
ter suited for high-pressure applications with 
lower volumes. A prime example is a green 
hydrogen plant. 

In most conventional applications where re-
ciprocating compressors are used (e.g., pipe-
line compressor stations, refineries, etc.), the 
machines are typically required to operate 
continuously without interruption. As a result, 
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a high priority is placed during the design 
process on maximizing reliability and extend-
ing the mean time between failures (MTBF) to 
prevent downtime and the resulting produc-
tion loss.

Due to the nature of renewables, such as wind 
and solar, green hydrogen plants are designed 
to run intermittently and at part load for ex-
tended periods. Therefore, given the operating 
profile, it is advantageous to focus on compres-
sor reliability while prioritizing other attributes 
that contribute to energy efficiency and power 
consumption. Among these attributes are:

•	 Capacity Control. Capacity control is a cru-
cial factor to consider when designing a 
compressor for a green hydrogen plant, as 
it impacts the ability of the machine to per-

form its duty efficiently under highly vari-
able conditions. 

Several capacity control methods are avail-
able for process reciprocating compressors. 
Plug, port, or finger unloaders, for example, 
can be used to unload compressor cylinder 
ends, facilitating 100% capacity and 50% 
capacity with a corresponding reduction in 
power consumption. 

Another option is using pneumatically actu-
ated fixed volume clearance pockets, which 
increase cylinder clearance and reduce ca-
pacity without losing the energy of compres-
sion. If variable capacity is required, hydrau-
lic variable volume clearance pockets can be 
implemented to dynamically adjust cylinder 
clearance during operation, controlling 

Hydrogen compressor application map
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compressor capacity and limiting consumed 
power.3

 
The optimal choice of capacity control will 
depend on operator requirements/preferenc-
es concerning CAPEX, OPEX, and turndown 
requirements. 

 
•	 Compressor Valves. Improper valve selection 

can result in higher compressor power con-
sumption, as more energy is needed to open 
suction and discharge valves so gas can flow 
into and out of cylinders. Preventing this re-
quires early collaboration between the plant 
operator and compressor OEM to implement 
valves that are (1) designed for hydrogen gas 
and (2) minimize excessive differential pres-
sure. Once the operating pattern of the com-
pressor has been defined, valves can be cus-
tomized to meet expected performance during 
nominal plant operation while also guarantee-
ing acceptable performance in the event of cer-
tain abnormal circumstances.

 
•	 Driver Selection. With efficiencies of >95%, 

slow-speed electric motors are the preferred 
driver of reciprocating compressors. How-
ever, the specific type of motor selected can 
significantly impact energy consumption. For 
example, synchronous motors are roughly 
1–2% more efficient than the induction equiv-
alent and are often utilized for compressors 
with high power ratings (i.e., over 1,500 kW). 
Other advantages include reduced utility fees 
through reduced peak demand, elimination 
of power factor penalty, increased system ca-
pacity, and higher voltage levels in the electri-
cal system.

Electrolyzer efficiency
Electrolyzers are the most significant power 
consumer in a green hydrogen plant. Their effi-
ciency is therefore vital to keep operating costs 
down and maximize revenue.

Various measures are used to calculate the 
efficiency of electrolysis. Faraday efficiency, 
for example, is the ratio of the actual usable 
volume of hydrogen produced and the theoreti-
cal maximum production volume. On the other 
hand, DC efficiency is the ratio of the energy 
input (measured as DC current) to the electro-
lyzer stack/module and the energy content of 
the technically usable hydrogen at the stack 
output.4 

While these efficiency metrics are generally ac-
cepted across the industry, total plant efficiency 
is often defined arbitrarily. Depending on the 
plant, losses can occur due to the conversion of 
electricity from AC to DC or from voltage trans-
formation. Water treatment and cooling sys-
tems, along with the use of power for buildings, 
compression packages, and hydrogen purifica-
tion, also impact overall efficiency.

When designing a plant, developers must take a 
holistic approach that examines how all systems 
and auxiliaries can be optimized around any po-
tential process constraints or bottlenecks. This 
starts by defining system boundaries and stand-
ard conditions. The ultimate objective should be 
to strike a balance that enables the lowest cost 
of hydrogen production while simultaneously 
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providing maximum uptime and availability for 
the operator over the long term.

Making projects reality
As previously stated, LCoE has the most con-
siderable influence on the viability of green hy-
drogen production. As real-world projects have 
shown, under favorable conditions (i.e., LCoE 
of US$20/MWh and ~6,000 full-load hours), 
green hydrogen generated from electrolysis can 
reach cost parity with grey and blue hydrogen 
produced via steam-methane reforming or au-
tothermal reforming of natural gas.5 For plants 
where green hydrogen will be combined with 
CO2 to create climate-neutral eFuels, such as 
eMethanol, the cost of carbon capture also im-
pacts project economics.

There are now several regions around the world 
where a strong business case can be made for 
green hydrogen and/or eFuel production. Large-

scale projects are already in development, with 
more planned in the coming years. 

One notable example is the Haru Oni project in 
Chile, where Siemens Energy is providing the 
electrolyzer – a Silyzer 200 – as well as overall 
plant integration for the world’s first integrated 
and commercial-scale plant to produce green 
hydrogen and methanol-based eGasoline. 
Downstream of the electrolyzer, the green hy-
drogen will be combined with CO2 collected via 
direct air capture (DAC) to produce synthetic 
methanol. A pilot plant is initially being built and 
is expected to produce around 130,000 liters of 
eFuels in 2023. Plans are to expand the capacity 
in two stages to approximately 55 million liters 
by 2025 and about 550 million liters by 2027.

Another recent example is Liquid Wind’s Flag-
shipONE eMethanol project in Sweden, which 
will be the first of as many as 500 standardized 

Illustration of the Haru Oni eFuel plant in Chile
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eMethanol plants that Liquid Wind plans to de-
velop over the next three decades.6 At the facili-
ty (the first of its kind, in Örnsköldsvik, Sweden), 
as much as 70,000 tons of biogenic CO2 per year 
will be captured and combined with green hy-
drogen to produce 50,000 tons of carbon-neutral 
eMethanol. The methanol will replace hydrocar-
bon fuels in shipping operations, preventing the 
emission of approximately 100,000 tons of CO2 
per year.7

Siemens Energy is planned to provide the 70 
MW Silyzer electrolyzer for the plant, along with 
power distribution infrastructure, instrumenta-
tion, motors, drives, plant-wide automation, and 
digital solutions, including the process, data and 
operations digital twins. 

The road ahead
Green hydrogen is poised to play an essential 
role in the energy transition and holds enor-
mous potential in decarbonizing emission-
intensive sectors, such as the transport and 
process industries. However, the availability 
of low-cost renewable electricity is the most 
significant constraining factor preventing the 
large-scale build-out of green hydrogen  
capacity.

It is estimated that in Europe alone, up to 1,300 
GW of dedicated renewable generating capacity 
will be needed by 2050 to fulfill green hydro-
gen demand. In addition, more than 500 GW of 
new electrolyzer capacity will also need to be 
installed.8 Fortunately, the world is on the right 
path. IRENA projects that global renewable en-
ergy capacity could quadruple by 2030.

Expanding the range of business cases will 
also require bringing down the cost of develop-
ing and operating green hydrogen production/
eFuel plants. Achieving this requires solid part-
nerships and co-creation between developers, 
OEMs, and operators early on to optimize equip-

ment arrangements and take steps to maximize 
plant efficiency. Governments also have an  
essential role to play by instituting policies that 
foster innovation and investment that further 
stimulates the pipeline of real hydrogen  
projects.

Only by working together can we unlock the 
full potential of green hydrogen as a decar-
bonization agent and drive a successful energy 
transition.
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