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C N
The straight conversion of Methanol to electricity by direct Methanol fuel cells (DEFCs) makes them a hopeful device for the production of renewable energy. They work by decreasing oxygen at C A
the cathode while burning Methanol at the anode, creating electrons and protons. PEM Fuel cells are characterized as galvanic cells that have a potential to operate on high efficiencies with only
\ ) exhaust as water. PEMFC is also flexible with fuel as apart from hydrogen it can take formic acid, methanol as input.
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Anode reaction: | Efficienc Current Density 2-5 A/cm2
s 2 d Effici . : d t —Yth t : thanol’ Efficiency 60-80%
CHOH +HO—CO_+ 6H + 6e iciency is referred to as the percentage of methanol's
~ - = chemical energy that is transformed into power.

Efficiency can be defined based on either lower heating value

or higher heating value, U= 1.10 V for the lower heating

value and Uy~ 1.25 V for the higher heating value are the
cell voltages for 100% voltage effectiveness.

Cathode reaction:

3/20_ + 6H + 6e — 3H 0.
Efficiency =1,y = N4y X 1.10/1.25 ,or ng = N,y % 1.10/1.21,
Overall reaction:

CH OH + 3/20 —CO_+ 5H 0 + 6e

where . is the efficiency based on Gibbs free energy.
Typical efficiency range of DMFC is around 20%-40%
depending on the DMFC design and operating conditions

Reasons:

 Methanol cross over, where the fuel passes through the
membrane and reacts with oxygen on the cathode side.

* Lower operating temperature leads to lower efficiency as
they affect the rate of reaction

e (Catalyst used are expensive like Pt based alloys and the
durability of the catalyst is important and if they degrade

or becomes poisoned the efficiency is reduced .
)

flow rate . Fuel cell makers can increase the efficiency of their fuel
nt densit cm”2-500mA
Gas pump
Table 1: Operating conditions (Kulikovsky, A.A. (2007) )
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: : : : The platinum particle grows into a larger particle due its 100 * Automotive: The operation of the fuel cell in
e It is mostly used for small portable electronic devices as it : , : bil : g : q ih
60 : : . high surface energy. This reduces the active area and %0 automobiles is very dynamic and weight/space
can provide small amount of power for long period of time. o " heref he fuel I d hi
c : : hence reduces the efficiency of the fuel cell. sensitive. Therefore, the fuel cell used for this
- urrently most of the small electronic devices use 80 o e muEE eve ey sErn fine, camisec:
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s e el clacife ansmmy o disEing Carbon Oxidation: At high temperature situations, the z 7 esign, lightweight and high energy density. Emission
= | : water content in the carbon carrier in the catalyst can 2 e is @ major problem in the automotive industry, so
o * It also has the potential to replace the generators that run _ S - , : = : h | h btained i h
- . ) increase. This will lead to carbon oxidation which will lead = using PEMFC the only exhaust obtained is water. They
£ on conventional fossil fuels. DMFC uses a renewable fuel _ _ & so . | % effici
o C L e : : : to damage in the electrode pore structure, will decrease 1 operate at approximately 40% efficiency.
g due to which it is more environment friendly than diesel . 2
20 senerators the connectivity of the catalyst and can also lead to g
' ion i ici & » Stationary Power Generation: They can be used as
* It also has the potential to be used in military applications reduction in hydrophobicity. B v . . v :
10 _ . _ . systems for emergencies like generators in case of
o as it has low noise and thermal signature characteristics. ' , : : : 20 q | | h i
. . . : : Nafion ionomer degradation Mechanism : The Nafion power cut and as a supplemental system to the grid.
0  Some automotive companies are also experimenting with : : , , : h ide Sk % effici
COMPONENTS ASSEMBLY 0P DEMFC for future propulsion. Yamaha created the FCO6 ionomer is responsible for the water and ion transfer in 10 sy They can provide 5kW power at 30% efficiency.
. ' : ! the catalyst. When the pores of the ionomers start to 0
DMFC-powen‘ed motorbike prototype in 2003, with a 500 W increase the decay, process begins. Damage in the Nafion COMPONENTS ASSEMBLY BoP * Portable Fuel cell applications: Due to its better energy
LKW DMEC B 5w DMEC output capacity. In 2007, the FC-Dii, an upgraded model of : q ,h : ¢ d th g h density than batteries, the fuel cell can replace
the DMFC-powered two-wheeler, was released with a 1 kW lonomer reduces the ion transier and thus reduces the b . Il oh 'I bank h
, ] , o , | performance. L PRGBS PEMIEC atteries in cell phones, laptops, power banks etc. The
Figure 4- Cost for DMFC for forklift application(based on data from | peak capaC|ty. , .
Metzger & Li, 2022) | portable fuel cell can provide power up to 5kW.

Figure 8- Cost for PEMFC for forklift application (based on data from Metzger & Li,
2022)
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