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Hydrogen: a vital building block for a green future
 Angelina Stohp, Michael B. Schmitz, Alexander Maier

Hydrogen is the ideal fuel of the future thanks to its high energy density. Until 
it can be produced using electrolysers and green electricity on a large scale, 
thereby becoming „green“ itself, it will primarily be obtained using the steam 
reforming process. Compressors also play a crucial role in this form of hydrogen 
production. But producers have to overcome major challenges depending on 
the ambient conditions, as is shown by the example of a unit designed for use 
in Taiwan. 

The hydrogen economy is complex. The methods of production are just as numerous as the possible applications. 
All processes require the use of compressors. 

Source: Shutterstock.com
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The most economical and therefore also the 
most common method of generating hydrogen 
used today is steam reforming of natural gas, 
LPG or naphtha. This process produces high-pu-
rity hydrogen, which is of great importance for 
many industrial sectors. Ninety-five percent of 
the world‘s hydrogen demands are covered by 
steam-reformed hydrogen. According to calcu-
lations of the International Energy Agency 
(IEA), 196 million tons of hydrogen are pro-
duced from natural gas every year. This is 
known as grey hydrogen and still currently 
dominates the industry because producing 
green hydrogen is presently more than twice as 
expensive as producing grey hydrogen. Green 
hydrogen is produced by electrolysis using only 
electricity from renewable energies. However, 
experts assume that the price of green hydro-
gen will at least halve by 2050 as a result of 
technological progress, mass production and 
falling electricity prices. 

Compressor units play an important role in the 
production of hydrogen as well as in its subse-
quent use. With a growing hydrogen market, 
the demand for compressors is inevitably also 
on the rise. And their use in this process is cer-
tainly of great consequence. This is shown by 
the example of a large, new production facility 
in Taiwan that obtains hydrogen from natural 
gas using the steam reforming process. 

One major challenge in this project is the envi-
ronment, as the compressor is set up outside. 
In Taiwan, temperatures can rise to 40°C in 

summer and at times drop to almost 0°C in 
winter. The humidity is very high all year round 
due to the subtropical location. The humidity 
and extreme temperature fluctuations make it 
difficult to determine the correct paint specifi-
cations. Each individual component of the com-
pressor that is in contact with the environment 
requires a specified coating thickness to ensure 
that it is permanently protected against corro-
sion and can withstand the temperatures that 
occur. The material from which the parts are 
made and the surface temperature reached are 
also significant factors. 

Special local regulations and standards are 
 further obstacles. For example, all motors 
installed in the compressor must be certified in 
advance by the Taiwanese Industrial Technol-
ogy Research Institute (ITRI). This means that 
the ITRI has to declare individual approvals for 
these motors before they can be handed over 
for subsequent assembly. 

A further important task is ensuring that the 
system is protected against explosion. The sur-
roundings of this aggregate system were 
 classified as explosion zone 2. We carried out 
risk assessments on this basis and in collabora-
tion with the customer to identify any residual 
risks. We designed and evaluated the explosion 
protection of the compressor unit in accor-
dance with the international explosion protec-
tion standard IECEx to mitigate any relevant 
hazards.

Fig. 1: Simplified diagram of the hydrogen production process
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Variables of the compressor unit

We derived the necessary technical properties 
of the compressor unit from the aforemen-
tioned environmental conditions and system 
requirements so that we could begin the devel-
opment process.

The pressure ratio of ∏v = 2.3 is low for recipro-
cating compressors, so single-stage compres-
sion was sufficient. We selected the compres-
sor block and its speed to suit the required 
delivery rate. 

In a unit of this kind, the volume flow is con-
trolled with the aid of a bypass. This means it is 
possible to return almost 0 to 100 percent of 
the delivery rate to the inlet of the compressor 
unit or, conversely, to regulate the delivery rate 
at the outlet of the compressor unit from 
almost 0 to 100 percent. This wide control 
range cannot be achieved using more ener-
gy-efficient speed control units because the 
compressor valves limit the dynamic perfor-
mance. Alternatively, the two methods can be 
effectively combined, depending on the appli-
cation. In this case, we chose the more robust 
bypass control method along with a con-
stant-speed compressor.  

Operating conditions and  
component selection

During compression, the compressed gas 
reaches a temperature of 121°C before it is 
passed on to the subsequent sections for 
 further processing. The heated gas is cooled 
using water coolers. The gaseous water con-
denses and is removed in a separator. We 
 generated a simple simulation using the 
DWSIM chemical process simulator to make  
an initial assessment of the operating 
behaviour. According to an initial estimate, a 
temperature of just 55°C produces around 
0.7 kilograms of condensate per hour that must 
be removed.

Fig. 2: Compressor unit on delivery
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Table of requirements

Unit

Gas type Steam saturated mixture  
according to specifications

Vol %

Gas suction pressure 8.8 bar (abs.)

Gas suction temperature 40 Celsius

Gas final pressure 20.2 bar (abs.)

Delivery rate 1850 Nm³/h

Controllability 0.3–1.0 (/)

Source: Mehrer

Fig. 3: Table of requirements



Based on these observations, we then created 
the process diagram (P&ID) and defined the 
required components and their properties. 

In this step, we calculated the materials, pipe 
diameters, valve characteristics, cooling water 
volumes and control parameters and made 
 initial estimates of the expected pressure pul-
sations and mechanical vibration properties. 
We defined control parameters for all operat-
ing points. The design also takes national and 
customer-specific standards and regulations 
into account. This makes the P&ID the central 
document for all technical and operational 
steps. 

Compressor unit construction

Immediately after determining the essential 
components of the compressor unit, such as 
the inlet filter, compressor block, drive motor, 
cooler and separator, we arranged the compo-
nents in the available installation space. For 
this compressor unit, it made sense to install all 
components on a single frame so that only the 
interfaces for gas, cooling water, control air, 
electric motor supply and sensors had to be 
connected in the final application. 

Fig. 4: Single-stage V-type reciprocating compressor
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Hydrogen is an essential 
component  of a sustainable 
energy future.
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More power for 
LEWA ecosmart:
New pump sizes available!  

Efficient, safe, cost-effective – 
the low-price diaphragm  
metering pump.
 
 –  New sizes LCC and LCD 

 –  Flow rates of up to 2,000 l/h per 
pump head, discharge pressure 
up to 80 bar

 – Multiplex pumps available
 
Find out more: www.lewa.com

NEW!
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Digital twin

Drawings will soon be obsolete in the design 
process. Today, 3D models are increasingly 
 taking over as the Single Source of Truth 
accessed by all other areas, such as purchas-
ing, assembly and service. The goal is to create 
a digital twin whose digital master corre-
sponds as exactly as possible to the machine 
being designed. The as-built status and the 
finalised parts list for the unit are recorded 
after assembly. This data set then forms the 
entire digital master representing the begin-
ning of the machine’s life cycle. Any further 
changes that occur during the life cycle are 
added to the data set. This means that the 
data set is always kept up to date with the sys-
tem in question. 

Validation and acceptance test

During the final acceptance test, the overall 
performance of the unit was tested mechani-
cally and electrotechnically at various operat-
ing points. As a rule, the tests were carried out 
under reduced operating conditions, maintain-

ing the correct speed and operating pressures 
but using air as the medium. For this purpose, 
we exchanged and replaced the compressor 
valves with corresponding test valves suitable 
for the molar mass of air. We compared the test 
results with our calculations to evaluate the 
performance of the unit. In addition to the 
thermodynamic performance tests, vibration 
measurements were made at representative 
points on the compressor unit. The vibration 
speed is used as the relevant variable for com-
pressor units. To evaluate sound emissions, the 
acoustic power is calculated from the sound 
pressures measured at 10 defined points in 
space.

After passing the tests, the compressor was 
delivered to the customer in Taiwan. In the 
manufacturing process used at the Taiwanese 
site, the feed gas is taken in at a pressure of 8 
bar and mixed with hydrogen. The compressor 
compresses the gas mixture to 20 bar and 
transfers it to a heat exchanger for desulfurisa-
tion. Bypass control of the volume flow was 
adapted on site to the actual conditions. We 
also verified that inerting (or flushing) mode 
was working correctly. In this mode, the entire 
unit is automatically flushed with nitrogen to 
prevent any flammable mixture from forming 
in the unit. This ensures that the entire unit can 
be switched on and off safely, for example 
during maintenance work. 

Prospects

Today, hydrogen is an essential component of a 
sustainable energy future. Hydrogen technolo-
gies have advanced noticeably in recent years. 
So we can predict that steam reforming, which 
is still the predominant method used today, 
will be increasingly replaced by electrolysis 
hydrogen production. 

With an increasing proportion of green hydro-
gen production, dry-compressing reciprocat-
ing compressors will continue to gain in impor-
tance. In particular, service life and leak-tight-
ness requirements call for constantly 
improving technical solutions for a continu-
ously growing market with ever greater unit 
sales. If hydrogen is generated directly, i.e. 
without the detour of steam reforming, the 
customer-specific project planning efforts 

With a growing hydrogen market,  
the demand for compressors is also  
on the rise.

Fig. 5: 3D CAD model of the delivered unit
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described in this article will increasingly be 
replaced by standardised series solutions. Even 
then, compressors will play a central role: they 
compress the hydrogen after electrolysis to 
increase its energy density and save storage 
space for subsequent processes. For a green 
future with lower CO2emissions. 
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Drum and container pumps
from the inventor of the electric drum pump

  Ideal for pumping fluids from IBCs, canisters, drums, tanks

  For flammable, aggressive, toxic, abrasive or high-viscosity media  
that are no longer able to flow unaided

 Certified for use in industry, hygiene and explosive environments

Don’t just take our word for it - see for yourself.  
We will be happy to provide expert advice.

MADE IN
GERMANY
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