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a b s t r a c t

Direct methanol fuel cells (DMFCs) within all types of fuel cells are the most viable alternative to lithium-ion
batteries in the portable application, and recently attracted much attention. This review provides a compre-
hensive overview of the passive DMFC barriers viz. methanol crossover, slow kinetics, water management, heat
management, species management, durability and stability and cost for commercialization. Furthermore, it fo-
cuses on different approaches to overcome discussed barriers of passive DMFC. It is shown that the critical
challenge regarding to minimize methanol crossover through the membrane using various hybrid membranes
and methanol transport barrier so that the cell performance can be maximized. Regarding to reduce the catalyst
cost with better kinetics, it is expected for developing non noble catalyst for passive DMFC. The challenges
related to the operating temperature of passive DMFC is the selection methanol concentration, current density,
ambient temperature, air humidity, cell orientation, membrane thickness, cell design, etc. which affects the cell
performance. The several methods related to the water management layer deals with transport of the water
produced on the cathode to the anode through the membrane and the cathode with minimumwater flooding.

& 2016 Elsevier Ltd. All rights reserved.

Contents

1. Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1087
2. Passive DMFC single cell . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1088
3. Passive DMFC barrier issues . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1089

3.1. Methanol crossover . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1089
3.1.1. Membrane development . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1089
3.1.2. Membrane thickness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1090
3.1.3. Methanol concentration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1090

3.2. Slow anode kinetics reaction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1092
3.2.1. Anode catalyst . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1092
3.2.2. Catalyst support . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1093

3.3. Heat management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1093
3.4. Water management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1094
3.5. Other species management . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1097

3.5.1. Clean air /oxygen . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1097
3.5.2. Carbon dioxide. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1098

3.6. Durability and stability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1098
3.6.1. MEA degradation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1098
3.6.2. Current collector degradation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1101

3.7. Cost . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1101
4. Concluding remark . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1101
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1103

Contents lists available at ScienceDirect

journal homepage: www.elsevier.com/locate/rser

Renewable and Sustainable Energy Reviews

http://dx.doi.org/10.1016/j.rser.2016.09.002
1364-0321/& 2016 Elsevier Ltd. All rights reserved.

n Corresponding author.
E-mail addresses: seemamunjewar@gmail.com, seemamunjewar@yahoo.com (S.S. Munjewar).

Renewable and Sustainable Energy Reviews 67 (2017) 1087–1104

www.sciencedirect.com/science/journal/13640321
www.elsevier.com/locate/rser
http://dx.doi.org/10.1016/j.rser.2016.09.002
http://dx.doi.org/10.1016/j.rser.2016.09.002
http://dx.doi.org/10.1016/j.rser.2016.09.002
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rser.2016.09.002&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rser.2016.09.002&domain=pdf
http://crossmark.crossref.org/dialog/?doi=10.1016/j.rser.2016.09.002&domain=pdf
mailto:seemamunjewar@gmail.com
mailto:seemamunjewar@yahoo.com
http://dx.doi.org/10.1016/j.rser.2016.09.002


1. Introduction

The power consumption for personal portable electronic de-
vices has been increased day by day with development, and it is
expected more in the future. The conventional batteries are in-
sufficient to handle the portable electronic device. Thus, looking
for the alternative energy sources for mobile devices, the fuel cell
is found to be the best suitable choice. The fuel cell produces the
electricity as long as fuel is supplied, which is the basic difference
between the battery and fuel cell. The polymer electrolyte mem-
brane fuel cell (PEMFC) is the most attracted fuel cell due to the
flexibility of using solid electrolyte and avoided electrolyte leakage
problems. H2 gas and liquid alcohol are the fuel choices in PEMFC
for portable application. PEMFC uses methanol, ethanol, 1-propa-
nol, 2-propanol and ethylene glycol as the liquid fuel. Some alco-
hol has a very good energy density as shown in the Table 1, which
is close to gasoline and other hydrocarbon [1]. The energy density
(We) or specific energy is a stored energy in fuel per unit mass is
given by the expression, We (kWh kg�1)¼ΔG°/3600 M.

Where, M is the molecular weight of fuel.
Methanol is the best fuel choice for portable application within

all types of liquid fuel PEMFC called as direct methanol fuel cell
(DMFC). The electro-oxidation of methanol in DMFC produces the
electrons; hence conduct electricity in a complete circuit. All the
reaction in DMFC occurs in the membrane electrode assembly
(MEA). The MEA consists of an electrolyte membrane sandwiched
in between the anode and cathode together. The produced elec-
tron from the reaction moves from the anode to the cathode side.
Fig. 1 shows the reaction flow chart of a passive DMFC. The me-
thanol solution is fed into the anode side diffuses through a dif-
fusion layer. Methanol is oxidized to CO2 at the anode that allows
six protons travel through polymer electrolyte and allows six
electron travel through the external circuit to produce electricity.
At the same time, ambient air diffuses through a diffusion layer is
reduced to water at the cathode side. Hence the complete electro-
oxidation of methanol generates electrons, protons, CO2 and heat
as follows.

Anode reaction:

CH3OH þ H2O - CO2 þ 6Hþ þ 6e� ΔH ¼ 130 �72 kJ/mol (1)

Cathode Reaction:

3/2O2 þ 6Hþ þ 6e- - 3H2O ΔH ¼ �857 �49 kJ/mol (2)

Overall reaction:

CH3OH þ 3/2O2 - CO2 þ 2H2O ΔH ¼ �726 �77 kJ/mol (3)

The advantages of DMFCs over the other types of fuel cells are;
smaller size, light in weight, low working temperature, high-en-
ergy density and easy fuel storage [2,3]. It is convenient and less

expensive to carry smaller containers of methanol than to carry
heavy batteries.

The DMFCs are classified into two categories such as passive
and active DMFCs. In the passive DMFC, the reactants (methanol
and oxygen) are supplied up to the catalyst layer as well as the
products (CO2 and water) are removed out of the cell by passive
means, i.e. diffusion, natural convection and capillary action, etc. In
active DMFC the fuel and oxygen are supplied by external agencies
such as pump, blower, etc. Compared to active DMFCs, the passive
DMFCs are compact, simple in construction and have low parasitic
power losses [3–5]. Thus, passive DMFC is a good option for con-
ventional battery replacement for portable application because of
no auxiliary element [2]. High energy for a longer time, reduction
in size and immediate recharging would make passive DMFC most
promising energy resources to commercialize [5]. However, pas-
sive DMFCs have some barrier issues for commercialization such
as methanol crossover (MCO), the slow kinetic reaction of me-
thanol, heat management, water management, durability, stability
and cost etc.

The purpose of this review work is to discuss and conclude the
critical challenges which diminish the commercialization of pas-
sive DMFC. The paper also summerizes the past research effort and
future direction towards the discussed problems followed by ap-
proaches with examples. Emphasis is focused on elaborating the
various approches such as material development of membrane,
catalyst, catalyst support, gas diffusion layer, microporous layer,
current collector and different transport barrier followed by cost,
design structure, operating condition, operating orientation and
operating duration. The paper also provide an outlook for future
research directions. The remainder of the review is organized as
follows: Section 2 discusses the basic structure of passive DMFC;
Section 3 discusses the critical challenges of passive DMFC. This
section also provides the possible approaches to diminish the
challenges of passive DMFC and finally a concluding remark is
given in the Section 4.

2. Passive DMFC single cell

Fig. 2 shows passive DMFC single cell structure and compo-
nents [6]. The sequential component of passive DMFC is anode end
plate, anode reservoir, anode current plate, MEA, cathode current
collector plate, and cathode end plate. The gaskets are placed in
between each component to avoid the methanol leakage and nut
and bolt are required to assemble all components. The main im-
portant components in DMFC are proton exchange membrane,
anode-cathode catalyst, and current collector plate as they really

Table 1
Thermodynamic data of alcohol [1].

Fuel ΔG° (KJ/Mol) Ecell (V) We (kWh/kg)

CH3OH �702 1.213 6.09
C2H2OH �1325 1.145 8.00
C3H3OH �1853 1.067 8.58
Gasoline – – 10.5

ΔG° – Gibbs energy: total energy to create a system and make room for it minus the
energy provided by environment.
Ecell – Electromotive force (emf): the potential of the system to perform electrical
work measured by voltage.
We – Energy density: specific energy stored in fuel per unit mass. Fig. 1. Reaction Flow chart of Passive DMFC.
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