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Abstract 
 

The cost of a cathode and/or catalyst in a microbial electrolysis cell (MEC) is one of the main factors that must be considered 
before its application in a reactor. More than 45 % of total MEC cost is contributed by cathode material. Currently, platinum 
(Pt) has become the primary option as cathode or catalyst in MEC because it has superior catalytic properties for hydrogen 
evolution reaction. The high-price of Pt and its prone to being poisoned by the buffer in the electrolyte, calls for an 
alternative cathode or catalyst study. Some non-precious metals such as nickel (Ni), titanium (Ti), stainless steel (SS) and 
composites were explored to replace Pt. Among these materials, Ni is one of the best options because it has excellent 
catalytic properties, inexpensive, commercially available, less over-potential, and less toxic to living organisms. In most 
reports, Ni was applied in MEC to produce hydrogen from wastewater which showed comparable performance to Pt. This 
paper reviews the current status and future prospect of Ni performance as the cathode or catalyst in MEC for hydrogen 
production, based on the hydrogen cathodic recovery and production rate. 
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1. Introduction 
 
Nowadays, the impact of conventional fuel usage on global 
warming has become the main problem facing humanity 
worldwide. Increase in carbon dioxide (CO2) level in the 
atmosphere has exceeded the limit, in which its concentration 
has reached 405 ppm [1-3]. This fact raises a negative impact 
on the living ecosystem like humans, microorganisms, or 
plants. It is a common perception that CO2 pollution is mainly 
caused by transportation, industrial activities, electricity, and 
heat, including agriculture [4]. Various research approaches 
have been recommended to reduce the CO2 level, such as the 
use of bio-hydrogen as an alternative fuel [5, 6] and 
converting CO2 into value-added products via a biological 
electro-synthesis technology [7-10]. Either bio-hydrogen 
production or CO2 reduction can be performed via a bio-
electrochemical method. Microbial electrolysis cell (MEC) is 
for generating hydrogen [11] while microbial electro-
synthesis systems (MES) is for reducing CO2 [12].  
 Generally, MEC systems are divided into two 
compartments, namely anode, and cathode parts. In a dual-
chamber system, the anode and cathode parts are separated by 
a membrane while in a single-chamber system, the membrane 
is removed. The hydrogen production happens in the cathode 
via proton reduction in the presence of electrons.  The 
hydrogen production is a non-spontaneous reaction (Ecell = 
0.14 V ) [12] (Equation 1, Equation 2 and Equation 3), and 
thus an additional voltage (Eap) of ~ 0.14 V (theoretically)  to 

0.2 V or practically more  must be supplied into the system. 
In  addition, to accelerate the hydrogen evolution reaction 
(HER) at the cathode, the materials and/or catalysts play a 
significant role to overcome the thermodynamic barrier.  
 
Anode:  CH3COO- + 4H2O à 2HCO3

- + 8e- + 9H+  
Ean = -0.28 V        ,                     (1) 
 
Cathode: 8H+ + 8e- à 4H2    
Ecct = -0.42 V          (2) 
 
Overall; CH3COO + 4H2O à HCO3

- + H+ + 4H2  
Ecell = 0.14 V       (3) 
 
 The cathode materials in the bio-electrochemical system 
(BES) have become the main issue and are believed to be the 
biggest contributor to the total cost of the system. The 
estimation of capital cost indicates that more than 45 % of 
total BES cost is contributed by cathode material (Figure 1) 
[13]. Research has introduced various approaches to eliminate 
the cathode and/or catalyst costs, such as the use of biological 
catalyst at the cathode surface [11, 14, 15]or the use of an 
alternative non-precious metal [16-20] and metal composites, 
such as nickel foam-graphene [21, 22]. 
 So far, there are no papers that have comprehensively 
reviewed and summarized the feasibility of non-precious 
metal, particularly Ni, as the cathode and catalyst in MEC. 
Therefore, in this paper we discuss the potential of Ni as one 
of the non-precious metals that can be used as cathode and/or 
catalyst material. The selection of Ni was based on several 
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criteria, such as its catalytic activity comparable with Pt,  high 
electrical conductivity, relatively inexpensive cost, 
commercial availability and low toxicity to microorganisms 
[16, 22].  
 

 
Fig. 1. Estimated capital cost of bio-electrochemical systems (BESs) in 
laboratory. (Source: [13]) 
 
 
2. Microbial Electrolysis Cells (MEC) Reactor 
Configurations 
 

The MEC is one of BES types which is developed to produce 
hydrogen from organic materials. The MEC systems can be 
categorized into two configurations, namely single-chamber 
and dual-chamber MEC systems. It is well known that the 
performance and cost of the systems are associated with the 
construction. Since both single-chamber and dual-chamber 
have advantages and disadvantages, the selection of 
construction depends on the main study target.  
 
2.1 Single Chamber MEC  
To reduce cost to approximately 38% of total BES cost [13] 
and simplify the reactor construction [23], a single-chamber 
(membraneless) MEC system is recommended to produce 
hydrogen [24, 25] and/or methane [26, 27].  The typical 
single-chamber configuration is as shown in Figure 2. Since 
the absence of a separator can reduce ohmic cell resistance, 
the amount of biogas from a single-chamber MEC system is 
higher as compared to a dual-chamber MEC system (with 
membrane) [28]. The maximum hydrogen production rate 
using a single-chamber MEC system is around 180-fold 
higher than that obtained using a dual-chamber MEC system 
[11].  
 However, the system has a few disadvantages, such as low 
purity of hydrogen, the crossover of electrolyte and 
microorganisms, and possible short circuit occurence in the 
reactor. Biogases, such as hydrogen, methane, and carbon 
dioxide were mixed in the same chamber. Based on literature, 
the biogas consists of hydrogen (80 % ‒ 90 %), methane (1.9 
% ‒ 3.7 %), carbon dioxide (7 % ‒ 8 %) and the remaining 
factor is nitrogen [30, 31]. Moreover, the hydrogen yield 
might be gradually reduced along with methane production in 
the presence of methanogens if the mixed-culture is used as 
an inoculum in the system [28]. Chemicals such as 2-

bromoethanesulfonate and lumazine are commonly injected 
into the reactor to inhibit methanogens activity [32] and keep 
the hydrogen production constantly high.  
 

 
Fig. 2. Schematic (A) and photograph of single chamber (membraneless) 
MEC configurations (B).  (Figure  2 (B) is reprinted from [29] Copyright 
© 2008, American Chemical Society)  
 
 
2.2 Dual Chamber MEC 
Figure 3 shows a typical dual-chamber MEC system reactor 
construction. In the system, a separator is placed between the 
anode and cathode, which is aimed to maintain hydrogen 
purity, eliminate microorganisms and fuels crossover, avoid 
any short circuits and prevent the methanogens consumption 
of the hydrogen gas [33]. Based on a report by [34], there was 
no trace of methane and carbon dioxide found in the cathode 
chamber. Therefore, the hydrogen purity was high. So far, the 
maximum hydrogen purity obtained was more than  95 %  (the 
remaining factor was nitrogen gas) [35]. Besides,  the dual-
chamber MEC system construction was successful in 
generating hydrogen with extremely high QH2 of 50 m3/m3/d 
[35].  
 The amount of hydrogen production is associated with 
some parameters, such as the type of organic substrates, 
inoculums, applied voltage, electrolyte pH, temperature, 
operational mode (batch or continuous), and reactor 
construction.  The separator will also affect the amount of 
hydrogen production [36] because the presence of a separator 
will affect the microbial community dynamics, increase 
ohmic losses, and concentration overpotentials [37]. 
Currently Nafion 117 and the cation exchange membranes 
(CEM, CMI 7000) are generally used in laboratory scale 
application. In addition to the cost, the correct combination of 
all parameters is an essential requirement to generate a high 
amount of hydrogen. 
 
 
3. General Components in MEC 
 
In an MEC system, the electrode plays a key role in oxidation 
and reduction reactions. The oxidation reaction occurs at the 
anode, while the reduction reaction occurs at the cathode. The 
anode generates protons and electrons, and the cathode 
accelerates the hydrogen formation. Generally, the electrode 
materials must have adequate physical-mechanical strength, 
must not be prone to erosion by electrolyte, reactants, or 
product and must be resistant to cracking. The cathode 
materials must be chemically resistant to corrosion, unwanted 
oxide or hybrid formation, and deposition of inhibiting 
organic films under all conditions [38].   
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Fig. 3. Schematic (A) and photograph of dual-chamber MEC 
configuration  (B) [32]. (The figure is reprinted with permission from 
Elsevier, license No. 4545750852997) 
 
3.1 Electrodes: Anode and cathode 
Most of the studies of MEC used carbon-based materials as 
the anode because it is friendly to microorganisms, 
inexpensive, conductive, commercially available, chemically 
stable in the long term, and non-corrosive. There is no crucial 
issue with anode material, whether its performance or impact 
on the environment. In terms of cost, less than 10 % of the 
total BES cost is contributed by anode materials. Whereas in 
terms of performance,  microorganisms are easily attached on 
the surface to form a biofilm. The price of carbon-based 
material (i.e., graphite felt, GG) is relatively cheap, which is 
around $ 65.00 for the size of 20 cm x 20 cm [38]. Although 
metal materials such as stainless steel (SS) is cheaper ($ 18.00 
for the size of 70 cm x 70 cm) than carbon-based anode and it 
can also be used as the anode, the microorganisms are 
practically difficult to attach on the SS surface. Several 
carbon-based materials are used as  anode, namely carbon 
cloth (CC) [39, 40], carbon paper (CP) [41], carbon felt (CF) 
[32, 42], graphite brush (GB) [22, 29], graphite granules (GG) 
[26, 43], graphite plate (GP) [44], graphite rod (GR) [23], and 
graphite felt (GF) [6, 35, 45].  
 Similarly, the cathode can also be fabricated from carbon-
based materials, composites, and metal alloy. Although 
carbon-based materials are suitable for the cathode, its 
catalytic properties for hydrogen evolution reaction is low. 
The cathode must have high catalytic activity to accelerate the 
hydrogen formation, and hence, a treatment or modification 
process is needed to improve the catalytic properties. Besides 
being used as cathode, several metal materials can be used as 
a catalyst, such as platinum (Pt), palladium (Pd), nickel (Ni), 
and titanium (Ti). These metals are coated or deposited onto 
the substrate surface by using spray, hydrothermal, or 
electrodeposition technique. 
 
3.2 Separator 
Ideally, the good inexpensive separator should have a 
minimum crossover of fuels, gases, microorganisms, and 
protons or other ions. The performance of separators is very 

related to their material properties, thickness, and surface 
morphologies, as well as the operating conditions of the MEC 
system [46, 47]. Separators are generally categorized into two 
types, namely ion exchange membrane (IEM) and salt bridge. 
In the MEC applications, IEM such as Nafion and cation 
exchange membrane (CEM) are more popular. Several 
separators that are used include Nafion 115 [48], Nafion 117 
[49]  and CMI 7000 [50, 51] . The performance of a separator 
is associated with the duration time of MEC system operation, 
the biofilm formation and the ion accumulation are stopped 
on the separator surface [47]. 
 
 
4. Hydrogen evolution reaction (HER) metal cathode  
 
The organic substrates are electrolyzed by electroactive 
bacteria (EAB) at the two electrodes to form hydrogen gas. At 
the anode, the substrate (acetate) is oxidized by EAB into 
protons, electrons, and bicarbonate, while at the cathode the 
protons are reduced to hydrogen gas, which is known as 
hydrogen evolution reaction (HER). The HER is a classical 
model of electrocatalysis process, which refers to the 
adsorption of hydrogen at the electrode surface [52-54]. The 
overall reaction of HER at low and high pH is  described by 
Equation 4 and Equation 5, as follows: 
 
Low pH: 2H⁺ + e⁻ ® H2      (4) 
 
High pH: H2O + e⁻ ® H2 + OH⁻     (5) 
 
 The HER is a multistep reaction that can occur either in 
acid (low pH) or alkaline (high pH) conditions, as described 
by the Volmer-Tafel-Heyrovsky reactions. In the first step, 
protons in the electrolyte are initially reduced to hydrogen 
atom at the cathode surface (Equation 6). This step is known 
as Volmer reaction. In the next step, HER can occur according 
to two different reactions, which are either as a chemical 
reaction (Equation 7) or as an electrochemical reaction 
(Equation 8). The chemical process is then known as Tafel 
reaction while the electrochemical process is known as 
Heyrovsky reaction. The protons could be replaced with water 
molecules as the reactant if these reactions occurred in an 
alkaline condition. 
 
Volmer reaction: M + H⁺ + e⁻ ® MH    (6) 
 
Tafel reaction: MH + MH ® 2M + H2    (7) 
 
Heyrovsky reaction  MH + H⁺ + e⁻ ® M + H2    (8) 
 
 The HER is dependent on the structure of cathode surface, 
experimental condition, and cathode material. Therefore the 
HER mechanism is not only relevant for the basic 
understanding, but also real applications [53, 54].   
  
4.1  The selection of Ni material 
Since the complexity of metal behavior and poor detailed 
insight, the theory and empirical approaches must be used for 
the selection of cathode materials [55]. Initially, the selection 
of materials is based on experience and then tested in 
extensive research. Without extending the study under 
realistic condition, it is complicated to predict the 
performance and lifetime of the cathode [52]. Several material 
properties must be considered as guidelines, namely 
physicochemical properties, stability, rate, and product 
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selectivity, electrical conductivity, lifetime, cost, and 
environmental effect [56, 57]. 
 The HER activation overpotential of materials varies 
considerably among metals [53]. For instance, Pb, Hg, and Cd 
need a high overpotential to accelerate the HER, and hence, 
they are not suitable as a cathode in MEC applications [57]. 
Meanwhile, Group 8, Group 9, and Group 10 in d-Block of 
the periodic table have low overpotentials [58]. The 
“volcano” curves (Figure 3) describe plots of catalytic metal 
activity versus the metal-hydrogen (H) bond strength [59]. 
The metal-H bond at the optimum curves is not too weak and 
not too strong, which means that the hydrogen can sufficiently 
cover the metal surface and at the same time, the adsorbed 
hydrogen on the surface is not immobilized [52, 59]. Based 
on Figure 4, the Pt, Rh, Re, and Ir metals are close to or at the 
top of the “volcano” curves, which means that they have high 
catalytic properties and low overpotential for HER. 
Unfortunately, these groups are more expensive materials as 
compared to Ni. For instance, the Pt price of $ 838.00/oz was 
much higher as compared to the Ni price of $ 93.76/oz [60]. 

 
Fig. 4. The “volcano” curve collected from [52] with corrected value. 
(Source: The figure is reprinted  with permission from Elsevier, license 
No. 4551231372252) 
 
 Usually, a non-precious metal such as Ni is often 
employed for water electrolysis process [61-63]. However, Ni 
has high overpotential, and hence should be reduced to obtain 
excellent performance. There are a few conventional 
approaches that can be used to reduce the overpotential, 
namely by alloying the metal and increasing the surface area 
of metal [64]. These approaches are essential strategies for Ni 
to be selected before applied as the cathode in the MEC 
system. 
 
4.2 Nature of Ni Material 
Nickel (Ni) was first isolated and classified as a chemical 
element by Swedish alchemist Baron Axel Fredrik Cronstedt 
[65]. In the industrial sector, Ni tends to play an important 
role that acts as a supportive and stabilizing material. Ni can 
be combined with other metals to produce a stronger product, 
which is shinier and more durable and as a protective outer 
coating to protect the surface of softer metals. Besides, Ni can 
also be used as a catalyst for the hydrogenation of unsaturated 
compounds in several types of oils and converting substances 
from liquids to solids. Ni is the fifth most abundant element 
in the universe. It is a transition metal, which means that it has 
valence electrons in two shells of one, so Ni allows the 
formation of several different oxidation states [66]. 
Physicochemical properties of Ni are hard, robust and silver-

white color, ductile, and resistant to heat and corrosion. 
Therefore, Ni is beneficial for the development of a wide 
variety of materials, such as wires, plates, coins, and other 
military equipment [65, 67]. Pure Ni is in powder form, and 
hence the small pieces (high surface area) show high 
reactivity and significant chemical property. However, in 
larger pieces (low surface area), Ni is slow to react with air 
under standard condition because of the presence of an oxide 
layer that inhibits further corrosion [68]. 
 Table 1 shows the selected physical characteristics of 
metals. The appropriate combination between physical and 
chemical properties is essential for successful fabrication and 
application of the cathode into the reactors. Usually, the 
cathodes are from a combination of some pure metals, known 
as alloy, because the physicochemical properties of alloy are 
better than pure metals [56]. Electrical conductivity is the 
critical property in the selection of cathode material since it 
determines the magnitude of voltage drop, and is associated 
with electrode overpotential and catalytic activity. 
 
Table 1. Selected physical characteristics of pure metals [69]. 
Considered mainly as pure metal [56]. 

Electrodes 
 

Density  
(g/cm3) 

R  
(10-6 
Ω 
cm) 

Eº  
(Volts) 
vs. SHE 

Au3⁺ + 3e⁻ ® Au 18.88 2.04 + 1.50 
Pt2⁺ + 2e⁻ ® Pt 21.45 9.80 + 1.19 
Pd2⁺ + 2e⁻ ® Pd 12.00 10.5 + 0.92 
Cu2⁺ + 2e⁻ ® Cu  8.92 1.56 + 0.34 
WO3 + 6H⁺ + 6e⁻ ® W(s) + 
3H2O 

19.30 11.2 ‒ 0.09 

Pb2⁺ + 2e⁻ ® Pb 11.34 19.00 ‒ 0.13 
Sn2⁺ + 2e⁻ ® Sn 7.28 1.50 ‒ 0.13 
Ni2⁺ + 2e⁻ ® Ni 8.90 6.10 ‒ 0.25 
Fe2⁺ + 2e⁻ ® Fe 7.86 8.90 ‒ 0.44 
Zn2⁺ + 2e⁻ ® Zn 7.13 6.0 ‒ 0.76 
MoO2(s) + 2H2O + e⁻ ® 
Mo(s) + 4OH⁻ 

10.20 5.38 ‒ 0.98 

Mn2⁺ + 2e⁻ ® Mn 7.30 1.44 ‒ 1.18 
Ti3⁺ + 3e⁻ ® Ti 4.50 43.10 ‒ 1.37 

 
 
5. Performance of Ni material in MEC 
The good performance of electrode material is a mandatory 
requirement in the MEC system before its application in the 
real condition. Here, the performance of Ni, either as cathode 
or catalyst, will be discussed based on the hydrogen cathodic 
recovery (rH2-Cat) and production rates (QH2) and compared to 
Pt performance. The collection of literature was from journals 
within years ranged from 2008 to 2018. 
 
5.1 Ni as cathode  
Based on the Ni composition, the type of Ni material is 
divided into two categories, namely single or pure Ni material 
and its alloys. The materials, which consist of Ni ≥ 99% are 
categorized as single Ni while the materials which consist of 
various metals, such as iron (Fe), Molybdenum (Mo), and 
Chromium (Cr), with Ni as a significant element, are 
categorized as Ni alloy (Table 2). Several single Ni materials 
are used as the cathode in MEC system, such as Ni 110, Ni 
210, and Ni 255 [16], Ni foam (NF) [18, 35] and Ni mesh 
(NM) [44]. Meanwhile, Ni alloys, such as Ni 400, Ni 625, and 
NiHX performances have also been reported by [16]. 
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Table 2. Typical element compositions for single Ni and 
alloys; (Source: Data collected from [16, 25]) 

Materials Element compositions (%) 
Ni Fe Mn Mo Cr Cu Others  

Ni 110 >99       
NI 210 >99       
Ni 255 >99       
NiOx87302 >99       
Ni 201 99 0.4 0.35   0.25  
Ni 400 65.1 1.6 1.1   32  
Ni 625 61 2.5  9 21.5  6 
Ni HX 47 18  9 22  4 

 
 Element compositions, shape, and morphology play a 
crucial role in the catalytic activity of materials [70]. The 
presence of other elements, such as iron (Fe) in Ni alloy, can 
improve the performance. For example, Ni 625 (with Ni 61%, 
Fe 2.5 %, others 36 %) produce QH2 of 0.79 ± 0.27 m3/m3/d, 
which is much higher than 0.38 ± 0.04 by using Ni 201 (Ni 99 
%, Fe 0.4 %. others 0.6 %) [16]. The high Fe composition 
results in high Ni alloy performance. However, there is no 
report on the optimum composition of Fe in Ni alloys. In 
terms of shape and morphology, the high surface area and 
porosity, such as NF and NM, show better performance as 
compared to Ni plates like Ni 201, Ni 400 and Ni HX. Figure 
5 shows the typical Ni materials, in which both NF and NM 
have a high surface area. Both NF and NM produced QH2 of 
50 m3/m3/d (Eap = 0.9 V) [35] and 4.18 ± 1.00 m3/m3/d ( Eap = 
1.1 V) [44], which were much higher than the Pt sheet (QH2 = 
0.68 ± 0.06 at Eap = 0.9 V) [16] . In overall the Ni performance 
is as shown in Table 3. In the 2010 to 2016 period, the data 
reported that Ni as cathode produced QH2 in the range of 0.38 
m3/m3/d to 50 m3/m3/d.  

 
Fig. 5. Typical Ni metal materials; (A) nickel foam (NF) [71] and (B) 
nickel mesh (NM) [44]. (Source: Figure 5(A) and Figure 5(B) are 
reprinted with permission from Elsevier, license No. 4552400174955 and 
4552391082754.)  
 
 
5.2  Ni as catalyst 
The cost of Ni plate, foam, mesh, or powder is still high. 
Additionally, the corrosion of the cathode can inhibit the 
intrinsic catalytic activity over time that cannot be restored 
without replacement [25, 72, 73]. For instance, Ni-based 
cathodes show a high hydrogen production rate at the early 
stage of MEC system operation, but the performance is 
gradually declined over time [35]. Ni particles application can 
reduce cost as well as the amount of metal used, compared to 
Ni plates, foam, mesh, or powder. 
 There are several methods which are generally used to 
deposit Ni particles on the substrate, such as electrodeposition 
[30, 39, 74, 75], hydrothermal [61, 76], and spray [77]. 

Among these methods, electrodeposition is more favorable 
than others due to its easy operation, relatively low cost and 
simple method. Ni particles can be coated on the substrate 
surface through electrodeposition or plating. A combination 
of Ni with other metal particles, such as molybdenum 
(denoted as NiMo), tungsten (NiW) [64, 78], cobalt (NiCo) 
[64], iron and layered double hydroxide (NiFe-LDH) [76] 
have been investigated. Moreover, single Ni particles can also 
be coated on the substrate of SS A286 (SS A286-eNiOx) [16], 
titanium (Ti/Ni) [75, 79], graphite felt (GF/Ni) [75]. Ni 625 
(Ni 625 + eNiOx), Ni foam (NF-Ni) [80], nickel-phosphorus 
(Ni-P). Among these catalysts, Ni-P and NiMo show the good 
performance by producing QH2 = 2.29 ± 0.11 m3/m3/d and QH2 
= 2.1 m3/m3/d.   
 Figure 6 shows the typical example for Ni powder (A) and 
the micrograph images of Ni catalyst coated on the substrate 
(B, C) applied in MEC. Ni powder is mixed with a carbon-
based catalyst such as carbon black (CB-Ni) [25], and 
activated carbon (AC-Ni)[73] are coated on the substrate 
surface through the spray method. Like Pt catalyst, Ni powder 
can also be coated on the substrate surface (i.e., graphite felt) 
by using a binder, such as a polytetrafluoroethylene (PTFE) 
or Nafion solution. As discussed above, the selection of Ni 
material should refer to several criteria, such as surface area, 
particle size, and porosity. Principally, the high specific 
surface area, porosity, and smaller particle size have high 
catalytic activity and current density [70, 79]. For example, 
Ni 210 powder (surface area of 0.60 m2 and a particle size of 
0.5 – 1.0 µm) shows an overpotential of -0.500 V, which is 
lower than -0.720 V for Ni 110 (surface area of 0.17 m2 and 
particle size of 1 - 2 µm) and -0.760 V for Ni 10225 (surface 
area of 0.24 m2 and particle size of 2.2 - 3 µm) [25]. Lower 
overpotential will result in higher catalytic activity for HER 
[81]. Therefore, the Ni 210 material is chosen rather than Ni 
110 and Ni10225 as cathode catalyst in MEC application [25]. 
So far, Ni powder as a catalyst is successful in producing QH2 
in the range of 0.27 m3/m3/d to 2.1 m3/m3/d. Overall, these 
data mean that the performance Ni as a catalyst is comparable 
to Pt as a catalyst. 

 
Fig. 6. The typical Ni powder (A) and Ni catalyst coated on the surface 
of substrate (B, C) used as cathode catalyst in MEC application. Figure 
6(A) collected from [38], and Figure 6 (B, C) reprinted with permission 
from Elsevier, license No. 4615240856504 
 

 
Table 3. Summary of selected performance of nickel as cathode and catalyst in MEC applications in the 2008 to 2018 period. 

Material Type of MEC Eap (V) Substrate  rH2-Cat (%) QH2 
(m3/m3/d) 

Ref. 

Ni as Cathode       
Ni 210 powder Single Chamber 0.6 Acetate  79 ± 10 1.3 ± 0.3 [25] 
Ni 210 powder Single Chamber 0.8 Acetate  NA 1.85 [25] 
Ni foam Single Chamber 0.9 Acetate  34.5 ± 0.8 mL* 1.1 [71] 
Ni foam Single Chamber 0.8 BWW 73 ± 0 1.13 ± 0.01 [76] 
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Ni foam Single Chamber 0.8 FE 69 ± 0 1.07 ± 0.01 [76] 
Ni foam Dual Chamber  1.0 Acetate 90 50.0  [35] 
Ni Mesh Single Chamber 1.1 Acetate  119 ± 5 4.18 ± 1 [44] 
Ni 201 Single Chamber 0.9 Acetate 27 ± 4 0.38 ± 0.04   [16] 
Ni 400 Single Chamber 0.9 Acetate 31 ± 5 0.41 ± 0.10 [16] 
Ni HX Single Chamber 0.9 Acetate 40 ± 8 0.55 ± 0.11 [16] 
Ni 625 Single Chamber 0.9 Acetate 43 ± 9 0.79 ± 0.27 [16] 
NF-Graphene Dual Chamber 0.8 Acetate  NA 1.31 ± 0.07 [22] 
Pt powder Single Chamber 0.6 Acetate 89 ± 7 1.6 ± 0.0 [25] 
Pt sheet Single Chamber 0.9 Acetate 47 ± 2 0.68 ± 0.06 [16] 
Stainless steel mesh Single Chamber 0.6 Acetate  83 ± 8 1.7 ± 0.1 [72] 
Ni as Catalyst       
Ni 210-CB Single Chamber 0.6 Acetate 94 ± 5 1.2 ± 0.1 [25] 
Ni-P Single Chamber 0.9 Acetate 86.8 ± 3.4 2.29 ± 0.11 [82] 
eNiOx Single Chamber 0.6 Acetate 86 ± 1 0.9 ± 0.1 [25] 
NiFe-LDH/ Ni foam Single Chamber 0.8 BBW 99 ± 0 2.01 ± 0.01 [76] 
Ni-AC/SS Dual Chamber 0.9 Acetate 88 ± 2 1.1 ± 0.1 [73] 
NiCo Single Chamber 0.7 Acetate NA 0.57*  [30] 
NiMo Single Chamber 0.6 Acetate 90 2.1 [39] 
Bio-cathode Single Chamber 0.6 Wastewater 54.3 0.72 [83] 
Pt/CNT Single Chamber 0.6 Acetate 89 ± 7 1.6 ± 0.0 [25] 
Pt/CC Single Chamber 1.1 Acetate 121 ± 3 4.25 ± 1.8 [44] 

6. Future Studies on Ni material in the MEC application 
 
The Ni materials as cathode or catalysts in MEC applications 
is a new approach that could play a critical role in leading 
recent attempts towards the delivery bioelectrochemical 
technology (BET) out of lab-scale into the real 
implementation by replacing the noble metal cathode. In 
addition to the low cost, commercial availability and 
environmentally friendly nature, the Ni material shows 
excellent performance for hydrogen production. Ni foam 
(NF) shows better performance compared to the Pt [35]. Also, 
Ni can be combined with other metals such as tungsten (W), 
cobalt (Co) and molybdenum (Mo) [64] to form alloys in 
order to increase the intrinsic catalytic activity for HER. 
Furthermore, the catalytic activity of stainless steel (SS) can 
be enhanced by deposited of Ni materials on their surface 
[16]. Hence, the extended studies are necessary to investigate 
the useful parameters, whether individually or integrally, and 
to improve the yields and durability of the systems [82]. 
Comprehensive studies are required to focus on the stability 
of Ni performance concerning the hydrogen production rate 
for long term MEC operation. The additional energy 
continuously supplied into the system can reduce the stability 
of Ni material; consequently, Ni can quickly react with other 
ions in the electrolyte. However, this is an assumption which 
needs to be revealed in further studies.   
 
 
6. Conclusion  
 
Scientifically, the feasibility of MEC for hydrogen production 
has successfully demonstrated by many kinds of research. 
However, commercialization is still far for MEC due to 
various constraints. One of them is an issue associated with 
the cost of the cathode and/or catalyst material for 
accelerating the hydrogen gas formation. In early MEC 
studies, Pt was typical as the cathode. The Pt is a precious 
metal, expensive and can potentially be poisoned in the 
presence of buffer, sulfur, nitric oxide, silicone, carbon 
monoxide, and hexamethyldisiloxane (HMDS) in the 
electrolyte. Indeed, Pt was assumed as the most efficient 
catalyst in many MEC applications for hydrogen evolution 

reaction [16, 84], but it is not economical for real-world 
application. 
 Several materials are tested as a cathode or catalyst to 
show that Ni material is an excellent alternative to replace Pt. 
The single Ni or alloys are used in many MEC studies, either 
as a cathode or catalyst. As reported by Salembo et al. [16], 
the intrinsic catalytic activity of pure Ni metal is lower as 
compared to its alloy. So far, Ni alloy such as NF shows the 
best performance in which the hydrogen production rate is 50 
m3/m3/d [35]. NF performance is 12-fold better as compared 
to Pt/CC catalyst (4.25 ± 1.8 m3/m3/d) [44]. This fact reveals 
that the feasibility of Ni is very interesting to be applied in the 
real MEC application. However, the performance of NF 
material is not consistent (even drop) along with MEC 
operations [25]. The presence of other elements in Ni alloy 
plays a significant role in the catalytic activity and 
physicochemical stability, and hence extended studies should 
be performed to provide the cathode materials successfully 
and with good quality in the future.  
 Additionally, the cathode performance is much related to 
the type of catalyst at the cathode. The correct combination of 
catalyst-cathode can produce cathode with excellent 
properties. So far, Ni-based catalysts such as Ni-P, Ni-LDH 
with NF (as substrate) and NiCo with CC produced QH2 of 
2.29 ± 0.11 m3/m3/d, QH2 of 2.01 ± 0.01 m3/m3/d and QH2 of 
2.1 m3/m3/d which were higher than QH2 of 1.6 ± 0.0 m3/m3/d 
for Pt/CNT catalyst. To find the precise composition of each 
element, the method, supporting materials and substrates 
should be intensively studied. Hence, with a few 
modifications, treatments and correct strategies in the cathode 
and/or catalyst preparation, the feasibility of Ni material in the 
MEC applications could fully replace Pt and become the 
primary option in the future. 
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