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Abstract 
 

As foodstuffs are  being produced, transported and stored in greater quantities than ever before in 

human history [1] and with an alarming amount of food products being lost to spoilage every year, 

new, environmentally friendly ways of preserving food products are being actively researched and 

developed in today’s world.  

Oxygen is a key pathway towards food decay and destruction, due to its dual roles as a source of 

respiration for the multitude of microorganisms that can cause food spoilage and through direct 

destruction trough oxidation reactions within food products that cause oxidative deterioration. 

Fuel cells have the theoretical potential to be an energy efficient and environmentally friendly way 

of preserving food, such as fish, fruit and vegetables.  Because of their nature to consume oxygen 

through the electrochemical reactions that produces their electrical power, they have the potential 

to be used to reduce localised oxygen content for the storage and transportation of foods, 

minimising their spoilage, as well as potentially providing electrical energy for other components in 

potential control systems for the fuel cell.  

The purpose of this project is to design and build a PEM fuel cell and examine its potential for 

lowering of oxygen concentrations at the gas output at the cathode.  The outcome of these 

experiments are designed to validate the  theoretical capacity of fuel cells to reduce output oxygen 

concentrations to levels that are able to aid in the preservation of foodstuffs.  It is hoped that this 

study, in conjunction with the researched literature, can be used as a guide for future food shipping 

and storage methods. 

The experimental stage of this diploma work was unsatisfactory. The fuel cell was unable to produce 

a voltage and the reactant gases were unable to flow through the fuel cell due to a design flaw. 

Therefore the effectiveness of a fuel cell for depletion of oxygen to levels able to preserve food is 

based on the theoretical basis of the internal PEM fuel cell reactions, as well as studying past 

literature and patents. 

If the theoretical ability of the fuel cell is proven, it can be asserted that PEM fuel cells have the 

potential to be a real contender in the field of food preservation in shipping and storage, as well as 

offering greater levels of control for supplies for how and when they can ship their product. 

However this will require more independent research development work on the effects of low 

oxygen concentrations on a fuel cell operation as well as the preservation effects on a greater 

variety of foodstuffs. Furthermore, more research is required for more efficient and cheaper fuel cell 

catalysts or innovative designs are required to avoid concentration losses that arise from oxygen 

reduction at low oxygen levels.  
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 1 .Introduction 
 

1.1 Fuel cells 
A fuel cell is electrochemical device that converts the energy produced from a chemical reaction into 

electrical energy. Fuel cells use hydrogen gas as a reactant in their chemical reactions, which vary 

widely between different fuel cell types. 

There are five main types of fuel cells named according to the electrolyte used; the polymer 

electrolyte (proton-exchange) membrane fuel cells (PEMFC), the alkaline fuel cells (AFC), the solid 

oxide fuel cells (SOFC), the molten carbonate fuel cells (MCFC), and the phosphoric acid fuel cells 

(PAFC) 

Fuel cells come in large range of sizes, power outputs, reactants used, and operating conditions. 

The nature of each fuel cell is shown below in Figure 1. 

 

FIGURE 1: COMPARISON BETWEEN CHEMICAL REACTIONS OF DIFFERENT TYPES OF FUEL CELLS [2] 

Each fuel cell type has different operating conditions to suit their respective chemical reactions. 

Some fuel cells (like the MCFC and SOFC) have high operating temperatures to facilitate their 

chemical reactions whilst others (the PEMFC and AFC) require noble metal catalysts in their 

electrodes.  

Each type of fuel cell differs in its potential usages, limited by the range of their power; table 1 below 

gives a rough outline on the power output of each type of fuel cell and their potential applications. 

Fuel cells come in a variety of sizes, power outputs, reactants used and operating conditions. They 

range from small portable 1kW systems for electronics, to large station power production plants that 

can produce up to several mega watts of electricity. 
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Type of Fuel Cell Typical power range kW Applications 

PEM (Polymer electrolyte 
membrane) 

<1-100 Portable power 
Transportation 
Distributed power 
Backup power 

 Alkaline fuel  AFC 1-100 Transportation 
Military 
Space 
Backup power 

SOFC Solid Oxide Fuel Cell 200 Distributed power 
Electric utility 
Auxiliary power 

MCFC Molten carbonate Fuel 
cell 

50-250 Distributed power 
Electric utility 
 

PAFC (phosphoric acid fuel cell) 5-400 
100 (liquid PAFC) 

<10 (polymer membrane) 
 

Distributed power 

TABLE 1:  COMPARISON CHART OF DIFFERENT APPLICATIONS OF FUEL CELLS [3] 

 

1.12 PEM Fuel Cells 
 

The PEM (Proton exchange Membrane) Fuel cell, uses hydrogen as its fuel source and oxygen or air 

as its oxidant, and uses a noble metal (most commonly Platinum) as its catalyst. 

It so named for the proton conductive polymer membrane which acts as its electrolyte. The 

membrane blocks electrons but allows the passage of hydrogen protons from the anode to the 

cathode to provide the electrical potential across the fuel cell.  

PEM fuel cells are poised to replace fossil fuels as a primary source of power, in many applications, 

including automotive propulsion technologies. The primary advantages of this fuel cell are  its high 

efficiency, an  almost zero level of emissions (only water vapour is produced from the reaction) and 

its relatively low operating temperature (<100C)  

The reactions of a PEM Fuel cell are as follows: 

The reaction at the anode is  

           

With the reaction at the cathode being: 

 

 
               

Giving an overall reaction of  
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FIGURE 2: PEM FUEL CELL OVERALL REACTION [2] 

Of course in practise, if the amount of air supplied to the fuel cell were just enough to supply the 

necessary oxygen, there would be inadequate oxygen at the reaction cathode and the fuel cell would 

experience concentration losses in the voltage. This would impede then function of the fuel cell so 

the amount of actual air supplied to a PEM in a fuel cell is often two or three times above 

stoichiometry. 

1.12 Water management in a fuel cell. 
 

Suitable water management inside the fuel cell is important as the delicate proton exchange 

membrane requires sufficient water content to maintain conductivity. However, there also must not 

be so much water that the electrodes that are bonded to the electrolyte flood, blocking the pores in 

the electrodes or the gas diffusion layer.  

As established above, during the PEMFC reactions, water is formed at the cathode, ideally the water 

generated would keep the fuel cell as the correct level of hydration and as air is blown over the 

cathode, it would dry out and remove any excess water from the fuel cell. However in practise the 

water balance within the cell is not often even throughout the cell, some areas might be dry, others 

flooded and some may be just at the right level of hydration. Another problem is the tendency of the 

hydrogen ions crossing over the membrane to pull water molecules with them, in a process called 

electro-osmotic drag; this can potentially dry out the anode side of the membrane, especially at 

higher temperatures. 

The fuel cell humidity should be greater than 80% to prevent drying, but lower than 100% to prevent 

liquid water collecting in the electrodes. Airflow can also have an effect on the water management 

in the fuel cell as increased airflow can reduce humidity, but seeing as how air can also contain 

water, it can assist in the humidification of the fuel cell as well. 

Whilst it is possible that a PEM fuel cell can operate without any extra humidification, it requires 

very specific suitable air flow rates and temperatures in order not to dry out or flood. The graph 

below, taken from Dicks et All, shows the relative humidity versus temperature of a PEM fuel cell 
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operating at 1 bar pressure at stoichiometries 2 and 4, from this it can be seen that for those 

stoichiometries, a majority of operating conditions are unsuitable for optimal fuel cell operation. 

Also as the airflow increases, humidity decrease, and at higher temperatures, decreases even more 

sharply. 

 

FIGURE 3: GRAPH OF HUMIDITY OVER TEMPERATURE IN A PEM FUEL CELL AT 1 BAR AT STOICHIOMETRIES 2 AND 4 

[4] 

As the humidification process involves evaporating water in the incoming gas, this will also cool the 

gas and aid in the thermal management of the fuel cell system; this is especially helpful in closed 

cathode fuel cell systems. Air going through a closed cathode system is usually compressed, which 

heats the air considerably; therefore humidification can be an ideal way of bringing the air 

temperature to a suitable value. 

One way of adding water is through direct injection of water as a spray. This method makes use of 

pumps to pressurise the water, and an injector to deliver it. This is a parasitic use of energy; however 

it is a mature and relatively easy design to make. Another approach is to directly inject liquid water 

into the fuel cell. Normally this would lead to the electrode flooding and the cell ceasing to function. 

However, the technique combined with a bipolar plate and ‘flow field’ design that forces the 

reactant gases to blow the water through the cell and over the entire electrode, such a design is 

shown below. Good water management can also assist in proper thermal management of the fuel 

cell as well. 

 

 

 1.14 Open-cathode versus closed-cathode fuel cell systems. 
 

There are two main types of fuel cell stack configuration, open-cathode and closed-cathode. 



10 
 

Open-cathode fuel cells draw their reactant gas directly from the surrounding atmosphere, instead 

of being pumped directly into the fuel cell.  Open air fuel cells typically use fans and external blowers 

to draw air across the cathode fuel cell. Whilst the amount of air going into an open cathode fuel cell 

is difficult to properly measure, the speed of the fan is what dictates the flow rate of air into the fuel 

cell, a typical setup of a fan and an open cathode fuel cell is shown in Figure 4. 

The open cathode fuel cell performance is strongly affected by the external atmosphere, in 

particular it’s relative humidity and temperature. External humidification is not available for open 

cathode fuel cells due to the system complexity; instead the water supply is drawn directly from the 

electrochemical reaction at the cathode, and whatever moisture content the atmosphere contains. 

However the advantages are a more simplistic design and that the air being supplied to the fuel cell 

at high stoichiometry, which allows for an easy balance in relative humidity and temperature. 

The downside to this is that there is little to no control over many factors governing the performance 

of the fuel cell, which, as stated before is heavily dependent on the conditions of the external 

atmosphere. 

    

FIGURE 4: DIAGRAM OF TYPICAL OPEN AIR FUEL CELL AND FAN CONFIGURATION [5] 
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In a closed cathode system however, the cathode gas is pumped directly into the cathode of the fuel 

cell, using pumps and compressors. Unlike the open cathode system the closed cathode fuel cell has 

the option of being able to humidify the air coming in, using the methods described in the previous 

section on water management.  The closed cathode fuel cell has a far greater level of control over 

the input gases, in particular airflow rate, humidity and temperatures. This allows for a far easier 

method of thermal and water management within the fuel cell in order to maximise performance. 

This is why most fuel cell systems (particularly those in automobiles) use closed-cathode systems in 

their design. 

However the drawbacks to using this system are that it requires a lot more equipment and 

components, which increases the price of such a system considerably. These components also act as 

a parasitic energy drain on the system, reducing its electrical efficiency. 

 

 

 

FIGURE 5: DIAGRAM OF A LIQUID COOLED CLOSED-CATHODE SYSTEM [6] 

 1.2 Food preservation  
 

It is estimated that up to 20% of the world’s gross primary agricultural and fishery products are lost 

every year due to spoilage. By reducing the oxygen content of storage and transport facilities it is 

possible to reduce the amount of foodstuffs that are lost to deterioration and extend the shelf life of 

these products considerably. 

Oxygen in the air causes the deterioration of food products in several ways. The most of obvious of 

which is through acting as a source of respiration for the myriad of bacteria, fungi and other 

organisms that can cause food to decompose and spoil. However another way that oxygen degrades 

food is through direct oxygen respiration, in which stored organic materials (carbohydrates, fats and 

proteins) are gradually broken down into simple end products, causing loss of flavour, 

discolouration, and off-odours in foods, especially for meat and fish products. 
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 1.21 Meat and Fish 
 

Within meat and fish products, lipid oxidation is a major cause of deterioration and spoilage, 

especially in products that have a high fat content. Lipid oxidation is the reaction between oxygen 

and double bond fatty acids and is initiated when lipid free radicals are formed shortly after the 

meat is slaughter, which then reacts with oxygen as shown below [7]. 

 

             

 

This is then followed by a propagation stage in which peroxyl radicals react with other lipid 

molecules to form hydroperoxides and new free radicals as follows 

 

 

           

 

                

 

             

 

This process continues until it is terminated with the formation of non radical products. 

This reaction causes deterioration of meat and off-flavours development, which is otherwise known 

as rancidity. In meat and fish products this can occur enzymatically or non-enzymatically. The 

enzymatic hydrolysis of fats is termed lipolysis or fat deterioration and is governed by specific 

enzymes such as lipases, estarases and phospholipase, whilst non-enzymatic hydrolysis is caused by 

proteins such as haemoglobin within the product. 

Some typical ways that lipid oxidation in meat and fish can be reduced is by applying an antioxidant 

or chelating agents, such as phenolic antioxidants, which limit lipid oxidation. 

 

1.22 Fruit and Vegetables 
 

Unlike meat and fish, fresh fruit and vegetables are living tissues and are subject to continuous 

change after harvest. All fruit and vegetables undergo respiration in which all organic compounds 

are broken down to their most basic structures, through the consumption of air and the release of 

carbon dioxide. One of the most important reactions within fruits and vegetables is enzymatic 

browning, which is caused by the oxidation of phenols by the enzyme polyphenoloxidase on the 

surface of the product. This can result in browning on fruit and vegetables as well as resulting in 

negative effects on taste, flavour and nutritional value. 
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Another factor in the preservation of fruits and vegetables is ethylene production. Ethylene is a 

natural product in plant metabolism and is produced by all tissues in plants. As a growth hormone in 

plants ethylene regulates many of the aspects of growth and development in plants, including 

ripening in fruits. Ethylene production within fruit and vegetables can be controlled by the level of 

oxygen and carbon dioxide in the atmosphere, low levels of oxygen can reduce the amount of 

ethylene produced. This leads to the benefit of having a retardation effect on the ripening and 

maturing of fruits and vegetables, this can allow a producer to have more control over how long a 

period of time produce can be transported in order to arrive at its destination at its ideal ripening 

phase [6]. 

 

The optimal level of oxygen for preservation for fruit and vegetables can vary widely between 

products (see Table 2 below for various optimum ranges for different fruits and vegetables) though 

an average level between 2 to 5% oxygen is advisable as lower oxygen concentrations, can cause 

irregular ripening on fruit products and anaerobic respiration may develop which may lead to off-

flavours and off-odours in the product. 

 

TABLE 2: OPTIMAL CONTROLLED ATMOSPHERE O2 LEVELS FOR VARIOUS FRUITS AND VEGETABLES [6] 
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 1.3 Fuel Cells and Oxygen Reduction 
 

The potential usage of a fuel cell for a more energy efficient use of depleting an area of oxygen has 

been observed in a number of different fields, In particular for the usage of fire prevention and 

extinguishing fires. 

As it is a widely known fact that fires require oxygen in order to propagate, by reducing the oxygen 

content in an enclosed space it is possible to prevent combustible items from catching fire or by 

suppressing the spread of fire to prevent further damage. 

 Some of the areas that would greatly benefit this type of fire prevention method are IT centres and 

facilities, warehouses, museums and libraries, places where not only fires are likely to break out and 

can cause extreme  and sometimes irreversible damage, but also where more traditional methods of 

fire control, such as  water sprinklers can cause equally devastating effects [6]. 

The more traditional methods of oxygen reduction for fire suppression involve the use of air 

compressors and nitrogen tanks. These work by pumping excess nitrogen into a room to reduce the 

oxygen content by volume to 13.5% which is still breathable for humans without causing any 

adverse health effects, but greatly reduces combustibility of materials within a storage container [7]. 

 The usage of fuel cells in this field has already been noted, and a recent patent [8]   for a fire fighting 

system, which includes a fuel cell, which is designed to flood a room with nitrogen rich air from the 

cathode, to reduce as well as continual oxygen adjustment in an environment, with a capacity to 

reduce oxygen content in an enclosed space to 10.5% 
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FIGURE 6: SCHEMATIC DIAGRAM OF FUEL CELL INTEGRATED INTO A FIRE PREVENTION SYSTEM [8] 

 

 This technology has already reached the commercial sector, with a German company called 

N2telligence has already begun commercial sales of such devices, their Quattrogeneration product 

[9], is a custom designed 100kW power AFC fuel cell, that is able to reduce oxygen concentration to 

below 15%, which is below the combustion range of many flammable materials, a diagram of this is 

shown in Figure 7. This fuel cell is designed to preventively protect a room of area up to 1000m2, by 

reducing the local oxygen content to below 15% whilst at the same time providing electrical efficient 

power. One of their products has in fact already been installed at data centre operated by the 

German tech company Equinix [10]. 
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FIGURE 7: N2TELLIGENCE DIAGRAM OF QUATTROGENERATION DESIGN [9] 

In other possible locations such as museums where excessive oxygen can cause degradation of 

artefacts, fuel cells can also be used to provide a controlled atmosphere; such units may also be 

modified to regulate the humidity, temperature and pH balance of such a closed environment in 

order to have a completely controlled environment. 

There are of course still limitations to this use, not least of which is the human factor. As humans 

require oxygen to breathe, this is why in many oxygen reducing ( or hypoxic)  fire suppression 

systems, a reduced oxygen level of 15% is advisable as this is below the level of combustibility of 

many materials, such as most plastics, yet can still be breathable by humans [7]. 

 

 1.31 Fuel Cells in Food storage and Preservation. 
 

Whilst there has been little ongoing research into the potential for fuel cells as a mechanism for food 

preservation, one company has been making headway, with their patent for the System and 

Methods for transporting or storing oxidately degradable foodstuff [11]. This patent is intended to 

use a large sealed tote, containing the shipped foodstuffs as well as a PEM fuel cell along with a 

hydrogen source. It also uses the electrical energy that is produced through the fuel cell operation to 

operate a small fan within the fuel cell setup, allowing for constant circulation of air throughout the  
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 This patent was later used by Global fresh Foods (now BluWrap) in a trial run for shipping foodstuffs 

to the United States. Using a PEM fuel cell in a controlled atmosphere with less than 200ppm oxygen 

content were able to ship  40 thousand pounds of unrefrigerated Chilean salmon to the East Coast of 

the United States over 30 days ( [12] with a minimum loss in quality. Wirth plans to increase the 

amount and variety of food products shipped to meat, poultry, fruit and vegetables and baked 

goods. [13] 

FIGURE 8: SCHEMATIC DIAGRAM OF PATENT 8512780: SYSTEM AND METHODS FOR 

TRANSPORTING OR STORING OXIDATELY DEGRADABLE FOODSTUFF 
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FIGURE 9: ROUGH DIAGRAM FROM SAME PATENT ON POSSIBLE CONFIGURATION 

 

 1.4 Purpose 
 

The experimental setup consists of a redesigned open-cathode fuel cell into a closed-cathode fuel 

cell to investigate the potential of such a setup in the preservation of food products. 

The present work focuses on the ability of a PEM fuel cell to deplete local oxygen concentration 

operating over a range of currents and voltages and with variable airflows. 

 Ultimately the purpose of the experiment was to demonstrate that an operating fuel cell could 

reduce the oxygen concentration of inlet air to a low enough level as could be theoretically used to 

increase the shelf life of food products. 

 

 1.5 Delimitations 
 

For this experiment as it was unfeasible to obtain a completely sealed atmospheric environment or 

to use actual food products to investigate the preservation effects of a low oxygen environment so 

the experiment was set up to test the level of oxygen reduction that can be achieved by an operating 

fuel cell. 

This experiment limits itself to using PEM fuel cells as they have a simplistic design and can operate 

in environmental conditions that can be easily simulated in the laboratory setting.  The fuel used in 
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the fuel cell is hydrogen and since the experiment is examining oxygen concentrations of air after 

passing through a fuel cell, technical air is used as the source of oxygen. 

The experiment was designed to be carried out at room temperature which has an impact on the 

electrochemical reactions that take place within the cell that benefit at higher temperatures. 

 Other factors which could have further impacted reaction kinetics such as the rate of water 

generation within the fuel cell, as well as the humidification levels of the gases entering the fuel cell, 

were ignored for increased simplicity of the experiment. 

 

 2 Experimental work 
 

 2.1 Single Fuel Cell 
 

The experimental portion of the project consisted of redesigning an open air PEM fuel cell into a 

closed air PEM fuel cell. This new design was to theoretically allow easier measurements of the 

outlet gas streams, as well as the external setup constructed around the fuel cell to allow the 

experiment to take place.  

The PEM fuel cell was constructed by using previous knowledge of fuel cell construction as well as 

materials that were available in the laboratory from previous experiments as well as commercially 

available materials.  

 In order to improve gas sealing each of the fuel cell components were sealed to each other using a 

commercially available double adhesive that was cut out to fit the shapes of each material used. 

The gaskets used for sealing in the MEA were constructed of plastic sheets, each measuring 8x8 cm2 

with a 5x5 cm2 active area for the MEA. 

The MEA was of 0.4mg/cm2 concentration of platinum and was cut out of an area of 5.5x5.5 cm2 

which allowed it to be held in place within the gaskets. 

A layer of carbon paper was added to the cathode side of the GDL in order to avoid uneven pressure 

due to the higher flow of air to the membrane. 

Gold plates were used to help further seal the fuel cell tightly, these measured 8x8cm2.  

Bipolar Plates were constructed of graphite and were the acting current collectors for the fuel cell, 

as shown in Figure 8 with a total area of 8x8cm2 and with a channel area of 5x5cm2. The same 

channel area was used for both the cathode and the anode, to theoretically allow greater contact 

between the membrane and the input technical air. 
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FIGURE 10: PHOTOGRAPHS OF BIPOLAR PLATES USED IN FUEL CELL CONSTRUCTION 

 

Clamping was applied to the fuel cell through washing spring discs each with a thickness of 0.63mm 

and a total height of 1mm.  When the fuel cell setup was assembled, the compression force was 

calculated first by using the following equation: 

 
          

In which h= distance tightened to 

N=number of washers 

T= steel thickness 

  = height of washers 

Seeing as the height of the washers was 1mm, the calculation was adjusted for a new height of 

0.5mm and with a steel thickness of 0.63mm and with six washes the screws were tightened to a 

height of: 

                     

A new addition to the fuel cell was the usage of specially designed gas channels to allow the reactant 

gases to enter the fuel cell and exit so they could be more easily measured.  These gas channels 

were constructed of hard plastic cut into rectangular shapes measuring 84mm x 134mm, and sealed 

to each other and to the other components of the fuel cell with commercially available plastic 
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adhesives. These gas channels were constructed of a commercially available hard plastic that was 

cut into the desired shapes.   

As shown in Figures 11 and 12 below, they were designed to allow the reactant gases to enter the 

fuel cell in the constructed holes, then across the bipolar plates, allowing for the reduction/ 

oxidation reactions to occur, then to pass out through a small channel. There were future plans for 

small plastic tubes to be attached to the outside so that the gases could be more easily measured. 

 

FIGURE 11: DIAGRAM OF GAS CHANNEL COMPONENTS AND GAS FLOW WITHIN THE CHANNELS 

 

FIGURE 12: SIDE ON DIAGRAM OF GAS CHANNEL PATHWAY 
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The centre of the fuel cell was also clamped by a manual vice, thus completing the setup as shown in 

figures 13 and 14. 

 

 

FIGURE 13: TOP DOWN VIEW OF ASSEMBLED FUEL CELL 

 

FIGURE 14: SIDE VIEW OF SAME CONSTRUCTED FUEL CELL 
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FIGURE 15: LATERAL SCHEMATIC DIAGRAM OF THE FUEL CELL SETUP 

 2.2 Experimental setup 
 

Once the fuel cell was constructed, the experimental setup was desgined, the completed setup is 

shown below in Figure 16. 

The experiment was carired out in a fume hood, which allowed for the supply of technical air and 

hydrogen as the cathode and anode gases, respectively.  

The air flow was set and modifitied  by a electronic Alicat  scientific flow meter; model MC-

100SCCM.The hydrogen rate was  regulated by a mechanical ShoRate rotometer, which required 

calibration before the experiment could take place, as the measured rate of gas flow from the 

rotometer was roughly double the actual flow rate of hydrogen exiting.  From the gas channels in 

the fuel cell, plastic tubes were attached to the exit, using the same double adhesive that had been 

used to seal the fuel cell. At the output for the depleted air, a Lutron DO-5510 oxygen concentration 

sensor was attached iorder to measure the level of oxgyen concentration at the end of the fuel cell. 
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FIGURE 16: SCHEMATIC DRAWING OF EXPERIMENTAL SETUP 

 

The fuel cell was intended to be studied using an external potentiostat, but due to the failure of the 

fuel cell to operate this never came to fruition. The equipment used corresponds to an Autolab 

PGSTA T302N potentiostat and galvanostat. The setup was equipped with a booster Autolab 

BSTR10A, which allowed to work with currents as high as 10 A. 

The software that was to be used in the experimental work was NOVA 1.11.0. This software 

allows a variety of procedures to be performed, from potentiostatic functions, linear sweeps 

and cyclic voltometry. For our experiment there were two main procedures that were 

programmed in to test the operation of the fuel cell. 

 

 The first was a linear staircase potentiostatic cycle, going from 1A to 5A, stopping at 0.5A 

intervals to measure voltage for 15 minutes at a time, and then going back down to 1A 

again to    

 The second was a similar linear staircase voltometric cycle going from 0.4 to 0.8 volts in 

0.1 Volt steps and measuring the current for 15 minutes intervals,  then going down 

again   

 2.3 Theoretical calculations 
From our previous theoretical calculations it was found that the amount of oxygen and air 

The calculations that were used as we know that  

Q = 4F × amount of O2 

We can rearrange this equation to  

          
 

  
         

 

In which   is equal to the current being produced by the fuel cell,  
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F is Faraday’s constant  

 

This can be converted to mL/min by: 

          
 

   
                

Where  

  is the density of oxygen. 

   is the molecular weight.  

Using the known oxygen requirements at different currents, it was possible to predict the end 

oxygen concentration of a fuel cell operating at these currents at different airflows, particularly at 

what current level did the oxygen concentration of different air flows fall beneath 5%. The 

theoretical data was calculated through excel and it was expected that the experiment would verify 

these predictions, shown below in Figure 17. 

 

 

FIGURE 17: EXIT OXYGEN CONCENTRATIONS OF AIR FLOWS OVER VARYING CURRENTS 
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3  Results and Discussion 
 

3.1 Results 
 

Unfortunately the experiment was unsuccessful as the fuel cell failed to function as intended. The 

chief failings of the fuel cell are twofold, the inability for the fuel cell to generate a voltage and the 

design of the gas channels causing improper sealing. 

Before the main experiment began, the gas flows were turned on to test their flow into the fuel cell 

and to test for any open circuit voltage in the cell. However when the output attached tubes were 

tested, it was discovered that there was no gas flowing from out the fuel cell on the cathode side,  

though it was discovered that there was a limited flow of hydrogen exiting the fuel cell.  

Having established that the inlet supply of air was correctly entering the fuel cell, it was determined 

that the problem lay with the sealing of the fuel cell,  in particular, with the plastic gas channels and 

the adhesive with which they had been assembled with. Numerous attempts were made to tighten 

the seal to allow gas flow, including the addition of two extra clamps on the plastic gas channels. 

However this proved unsuccessful, technical air was unable to pass through the fuel cell, which 

therefore stopped the experiment from proceeding any further and the experimental setup was 

dismantled. 

When the fuel cell was disassembled the plastic channel showed signs of warping and the adhesive 

binding them had not been sealed properly as shown in Figure 17. It was concluded that the design 

of the fuel cell gas channel and the ineffectiveness of the adhesives were the cause of the failure of 

the experiment.  

 

FIGURE 18: REMOVED GAS CHANNEL SHOWING POOR SEALING AND WARPING 

Furthermore the fuel cell was found to be unable to produce any voltage. As with any fuel cell, the 

experimental setup was expected to provide an Open Circuit Voltage (OCV) when it is at its resting 

condition. From past knowledge the PEM fuel cell was expected to have a theoretical OCV of 0.86V, 

however when connected to a voltmeter in order to measure the voltage, the results were 

significantly lower, always below 0.1V, which is well below the expected voltage.  
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 It was therefore determined that a combination of the plastic used in the gas channels warping 

slightly and  adhesives failing to properly seal in the gas channel made the fuel cell unable to 

function, thus halting the experiment. 

 

 

3.2 Discussion 
 

One of the main causes of this is how in the PEM fuel cell the reaction time and activation energy 

required of the reduction reaction at the cathode is several orders of magnitude higher than the 

oxidation reaction taking place at the anode. This can lead to high overpotential, which decreases 

the fuel cell performance. One way that this is solved is by leading the cathode electrode with higher 

concentrations of the noble metal platinum in order to better facilitate the reaction, however this 

comes with its own problems chiefly the high cost of the noble metal, ( now currently at  USD$26.78 

per gram [14]),which makes this method economically unviable. One of the more researched topics 

is the use of platinum alloys, which have been demonstrated in laboratory tests to increase the 

oxygen reduction activity by two to four times compared to Pt/C catalysts [15].  

 Potential alloy metals that can be used include Copper, Iron, Magnesium and Chromium, amongst 

others. However these also have their drawbacks, such as the fact that these base metals often end 

up dissoluting into the membrane and leaching into the MEA, causing severe ion contamination and 

increased catalyst degradation rates. This means that in order to be more effective  the catalyst is 

required undergo some level of pre-treatment before being used in the fuel cell. Treatments such as 

pre-leaching and heat treatment have been shown to be effective in reducing catalyst degradation, 

suggesting that this may be the way forward in fuel cell design to increase the oxygen reduction 

reaction [16]. 

For any future designs of PEM fuel cell system for the preservation of food there are several possible 

designs that could theoretically be implemented in a system that is used to preserve food products. 

The first possible design would be to use an open cathode system. Similar to the how the cells simply 

get their oxygen supply from the surrounding ambient air. This system would use a fan or blower to 

drive air circulation to reduce the oxygen content to the desired level, which could potentially use 

the electricity produced from the fuel cell to power the fan. 

 However this can come with its own drawbacks as if the oxygen concentration becomes low 

enough, the fuel will not be able to draw enough voltage to power the fan. This could be alleviated 

however, by a control system that can determine whether the blower needs to be in operation of 

not. Other drawbacks of this system however are the same as the previously stated open-circuit 

systems, namely a lack of control and reliance on the local atmospheric humidity and temperature 

determining the fuel cell performance. 

The second design is the usage of a closed cathode fuel cell, with the fuel cell operating outside the 

sealed environment, similar to the Bleil patent for fire prevention [10]. This would allow the system 

a far greater level of control of the various parts of the system, such as humidity airflow and 

temperature. 

 However the drawbacks to this design are that this system would be a much more expensive system 

to create and operate, due to the extra equipment, which would also act as a parasitic source of 
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energy drain in the system, making it less economically viable. This system   would also encounter its 

own problems with concentration losses due to lowered oxygen levels inside the sealed space. 

Another theoretical design for the fuel cell system, as suggested through the patent for fish 

transportation [11], is to have  multiple fuel cells  hooked up to each other in series. In this design, (a 

rough schematic diagram of which is show in Figure 19) there are multiple fuel cells (possible two or 

three) connected in series to each other, outside the sealed environment. Air is pumped into the 

first fuel cell where the oxygen concentration is reduced to a certain level, and then the air leaves 

the first fuel cell and enters the second, where it is reduced to a further level, and the same in the 

third fuel cell. 

 Now normally the low oxygen concentrations in the second and third fuel cell would result in the 

usual concentration losses that occur with low levels of oxygen, however the electricity that is 

generated by the first fuel cell can now be used to drive the reaction in the second fuel cell to 

completion and likewise for the third, resulting in limited voltage losses in concentration. This 

system would allow a greater amount of control  

This may also require having each fuel cell to be differently designed, with factors such as the active 

area, noble metal catalyst loading at the MEA and other factors, changed to accommodate different 

levels of air flow within the fuel cell, increasing the cost of the system.  

 

FIGURE 19: POTENTIAL MULTIPLE FUEL CELL SYSTEM DIAGRAM, SHOWN WITH HYPOTHETICAL O2 DEPLETION LEVELS 

With regards to the current state of fuel cells being used in food preservation, there is unfortunately 

very little scientific literature regarding the effects fuel cells have on preserved food. Most of the 

research and patents that exist at this time are being conducted and created by companies in the 

private sector, so obtaining design details and experimental results is understandably difficult. 

However the fact that the parent company BluWrap, who were involved in the original design for 

the preservation method of food by fuel cells, has  recently continued its record of shipping fresh 

fish using this system, having most recently shipped Chilean salmon to China [17]. This is an 

indication that not only is it technically feasible to use fuel cells to preserve foodstuffs for a 
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substantial amount of time, but that there is also an economical benefit in the large quantities of 

product being transported. 

It is of interest to note that although this technology has not been used to transport fruit or 

vegetable products, the fact that reduced oxygen concentration can retard the ripening process for 

many fruits, this technology could offer an increased level of control to a supplier in the time frame 

they are able to harvest, ship, store and sell their produce.   

Fuel cells as a method of fire prevention and environmental control for museums are two other uses 

that have already shown to be successful in commercial fields. Seeing as the oxygen levels required 

to be able to prevent and suppress fires are much higher (at 13.5% normally) than preserving food, it 

can be predicted that this field will experience a larger amount of future research and commercial 

applications in the near future. 

4 Conclusion 
Hydrogen powered fuel cells, in particular the Proton Exchange Membrane fuel cell, have the 

theoretical potential to be able to act as a more environmentally friendly way of preserving food 

products such as fish, meat, fruit and vegetables.  Their ability to reduce the oxygen content of a 

surrounding environment to low levels,  their simplistic design, make PEM fuel cells an attractive and 

interesting alternative to traditional methods of preservation such as freezing. 

Another advantage of using fuel cells is the ability of PEM fuel cells generate power through their 

operation of oxygen reduction, which can be used to further control the food storage environment 

to further assist in the preservation of foodstuffs 

Furthermore this means those PEM fuel cells has a wider range of applications, such as being 

installed to prevent fires from breaking out or by protecting artefacts and materials that are 

susceptible to oxidation from the surrounding environment. 

The experiment was designed to promote a practical understanding and validate this theory. 

However the outcome was unsatisfactory as the designed gas channel failed to seal in the incoming 

air, resulting in the fuel cell not working and no voltage being produced. 

In order for PEM fuel cells to be an economical solution to preserving foodstuffs in storage and 

shipping, more research and development into fuel cell products is required. 

5 Future work 
Future work in this field can involve two main areas, research into food preservation for fuel cells, 

and better design of fuel cells for oxygen reduction. As there is little independent research the 

preservation effect of fuel cells on food products, for it to be viable commercial interest, more 

independent research and development will be required. Not only will this incentivize commercial 

interest in the potential for fuel cells as a measure of reserving food, it has the potential to also 

inspire the development new fuel cell designs and systems that could be superior to existing systems 

and patents. 

As the oxygen reduction reaction within the fuel cell is oxygen is critical to the depletion of oxygen in 

the inlet air, more research into the development of catalysts that can increase the activity of the 

oxygen reduction reaction, whilst also decreasing the cost of the materials and construction will 

greatly benefit the usage of fuel cells in a wide range of applications. 
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