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Abstract 

The technology of polymer electrolyte membrane (PEM) electrolysis provides an efficient way to produce hydrogen. 

In combination with renewable energy sources, it promises to be one of the key factors towards a carbon-free energy 

infrastructure in the future. Today, PEM electrolyzers with a power consumption higher than 1 MW and a gas output 

pressure of 30 bar (or even higher) are already commercially available. Nevertheless, fundamental research and 

development for an improved efficiency is far from being finally accomplished, and mostly takes place on a 

laboratory scale. Upscaling the laboratory prototypes to an industrial size usually cannot be achieved without facing 

further problems and/or losing efficiency. With our novel system design based on hydraulic cell compression, a lot of 

the commonly occurring problems like inhomogeneous temperature and current distribution can be avoided. In this 

study we present first results of an upscaling by a factor of 30 in active cell area. 
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1. Introduction 

As the climate changes rapidly and thus, threatens the intactness of the environment, immense effort is 

being invested worldwide to stop the greenhouse effect and stabilize the climate. Germany has decided 

that 80% of its electrical energy should be produced by renewable energy sources by 2050 [1]. To reach 

this ambitious objective, large capacities for photovoltaics and wind turbines need to be installed [2]. 

Here, one of the main problems to overcome is the difference between consumer demand and energy 

supply, which is dependent on the environmental conditions (daytime, season, local conditions). A second 

problem is the delocalized energy production. Hence, solutions need to be found concerning grid 

integration, smart grids and intelligent storage possibilities. Therefore, an expanded use of hydrogen as 

energy carrier is one of the tasks that need to be realized, especially in combination with wind turbines [2]. 

In order to efficiently use hydrogen as a storage medium for the excess energy produced by renewable 

energy sources, appropriate technologies are necessary. Here, dynamic operation is an issue as well as 

high pressure gas output for external storage without causing further (cost-intensive) efforts. Polymer 

electrolyte membrane electrolysis (PEM-electrolysis) is able to meet these goals. But, up to now, 

hydrogen production using PEM-electrolyzers is not yet economically, as hydrogen production by steam 

reforming is much more cost effective. In order to build and operate PEM-electrolysis systems on the 

same level as steam reformers (concerning costs per kg hydrogen output), large scale (> MW) and long-

term stable (several years) systems are required [3], [4]. On the other hand, the conversion of the stored 

chemical energy back to electrical energy seems to be rather settled, as fuel cell technology is already 

commonly used [5]. As on the field of PEM-electrolysis, huge progress has been achieved in recent years 

[6] and largescale systems have been built already [4]. Regardless, further fundamental research and 

development on a laboratory scale is a necessity.   
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One of the major tasks that need to be handled when it comes to the development of durable PEM-

electrolyzers is the degradation of the membrane over time. Besides contamination with foreign elements, 

which is mostly driven by impurities in the feed water, membrane thinning is one of the key mechanisms 

that lead to efficiency losses and cell failures [7]. This effect is strongly dependent on the given 

temperature conditions and the current density [8]. As the thinnest spot is deterministic for the lifetime of 

a membrane, the occurrence of so-called hot spots needs to be avoided. Otherwise, even the destruction of 

cells up to entire systems may occur [9]. For a homogeneous temperature and current distribution, at first, 

a homogeneous compression over the complete active area needs to be guaranteed [10]. This is especially 

important when it comes to larger active areas, which, on the other hand, are crucial for industrial scale 

PEM-electrolyzer systems. 

With our novel concept of hydraulic cell compression we are able to avoid at least the mentioned 

problem, as we achieve a homogeneous pressure distribution independent of the size of the active area. In 

addition to that, further benefits arise with the usage of a hydraulic medium for cell compression. For 

example, the compression can be kept constant even with a dynamic alteration of the gas output pressure 

[11], [12] and waste heat can be recovered to further increase the systems efficiency. 

2. Experimental 

2.1. Cell design 

The electrolyzer cells were designed with a focus on the possibility of a cost-effective construction and 

the use of parts and materials, which are commonly available. Also, the central point of this study was to 

show the feasibility of a performance preserving upscale instead of developing a high performance 

electrolyzer cell. For both reasons, a planar layout was chosen for the key parts inside the single cells. 

To electrically contact the membrane electrode assembly (MEA) and to provide feed water and 

transport the produced gases, respectively, Titanium meshes are used as porous current distributors (PCD). 

The process media flows directly through the PCDs, input and output was done via plastic frames. Hence, 

no flow field was required and simple Copper sheets (coated for corrosion resistance) could be used for 

current conduction in and out of the cells. The schematic drawing in Fig. 1 (a) shows the structure of the 

cells interior. Detailed descriptions of the working principles are published in [11]–[14]. For a proper 

pressure transmission to the active area, flexible pads are installed in the frames at the respective areas 

(see Fig. 1 (b); not visible at the small cell). 

The laboratory scale cell had an active area of 20 cm
2
, whereas the industrial scale cell’s active area 

was 600 cm
2
, therefore, a factor of 30 larger than that of the laboratory scale cell (see Fig. 1 (b)). In order 

to validate the performance preserving upscaling, MEAs used were obtained from the same manufacturer 

and made within the same batch. 

 

     
(a)                                                                                                        (b)                

Fig. 1. Used electrolyzer cells: (a) Schematic drawing of the cross section of the industrial scale cell and (b) 

Photograph of the used cells. Left: Laboratory scale cell. Right: Industrial scale cell. 
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Fig. 2. Photograph of the used test bench. A stack to operate the laboratory scale cells is installed. 

2.2. Test environment 

The experiments were carried out at our facility using a custom built test bench. During each test run, 

only single cells were operated at one time. Media going to the cell (feed water) and media coming from 

the cell (water plus produced gases) were monitored via temperature and pressure sensors, cell voltage 

and current were measured constantly. 

For the small, laboratory scale cells, the concept of hydraulic compression has already been validated. 

A stack for up to four cells, which can singly be exchanged, also, was already constructed [13], [14]. Fig. 

2 shows a photograph of the used test bench.  

For the larger, industrial scale cell, a proper compression device was built up. Here, at first, a tool to 

operate a single cell was set up instead of a whole stack, in order to investigate the upscaling effects. A 

special DC power supply (Sorensen DHP 10-1000) with high current output at low voltage was used to 

perform the test runs. 

The pressure distribution over the cells active area was studied ex-situ before the respective cell tests 

via a pressure sensitive foil (Fujifilm Prescale Ultra Super Low (pressure range 0.2 to 0.6 MPa)).  

 

Fig. 3. Pressure distribution over the laboratory scale active cell area depicted via a pressure sensitive foil. 
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Fig. 4. Pressure distribution over the industrial scale active cell area depicted via a pressure sensitive foil. 

3. Results  

The results of the initially performed compression tests are shown in Figures 3 and 4 (not to scale). 

The intensity of the red color corresponds to the applied pressure at the respective area. In both cases, a 

homogeneous distribution of color, and thus, of applied pressure was obtained. The visible micro 

structure originates from the used PCDs’ surfaces. The larger white areas visible in Fig. 4 are subject of 

ongoing investigations, as they can conceptionally only be caused by the PCD structure or ‘dead spots’ at 

the pressure sensitive foil. 

After the pressure testing, the cells’ performances were examined by recording polarization curves. 

Therefore, test runs were carried out by consecutively operating both cells with comparable 

environmental parameters, i.e. the same compression level (6 bar), the same cell temperature of 50 °C, 

and a constant water flow at the anode side as well as at the cathode side. The obtained results are shown 

in Fig. 5. 

 

 

Fig. 5. Polarization curves recorded during the test run using the laboratory scale cell and the industrial scale cell, 
respectively. 

As can be seen, the behavior is the same for the laboratory scale cell as for the industrial scale cell. 
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With these results, one of the major benefits of hydraulic cell compression compared to conventional cell 

compression via thick plates and bolts, i.e. a performance preserving upscaling of the active area, has 

been proven experimentally. 

4. Conclusion and Outlook 

With the concept of hydraulic cell compression the assumption of a homogeneous pressure, and 

therefore, current as well as temperature distribution over the entire active cell area immediately suggests 

itself. An existing cell design was up-scaled by a factor of 30, in order to investigate possible 

consequences. The performance of the system (normalized to the active cell area) is not affected as the 

results of this study show. A homogeneous pressure distribution throughout the entire active industrial 

scale cell area was proven via ex-situ testing using pressure sensitive foils. Also, the recorded polarization 

curve was similar to the one obtained using the laboratory scale prototype. Further testing will show the 

reliability of these first results. However, building industrial scale electrolyzers directly by simply 

upscaling the laboratory scale cell design without any further complications using hydraulic compression 

vastly decreases development costs and time.  

Still, some issues need to be handled. Therefore, there will be two major topics dominating the future 

work. On one hand, the overall cell performance needs to be improved. Here, a minimization of the 

electrical contact resistance throughout the entire cell will be the initial step. On the other hand, long-term 

testing will be performed. This will give further evidence whether the formation of hot spots is 

permanently avoided. As part of this test, information on the behavior and stability of the system on a 

larger time-scale will also be obtained. In addition to these tasks, an industrial scale prototype stack will 

be constructed in order to investigate the system’s performance during multi cell operation. Here, one 

focus will be on the temperature control via the hydraulic medium. 
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