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In recent years, researchers and engineers have recognized the 
necessity of harnessing alternative renewable sources of energy 
that focuses on sustainability and efficiency before the existing non-
renewable sources deplete. Biomimetic that imitates nature’s most 
successful developments to solve complex human challenges [1] could 
be utilized to harness alternative renewable energy in order to accustom 
to the ever increasing demand of the exponential growth of population. 
For example, mimicking the photosynthesis process performed by 
green plants solar energy can be harnessed and synthesized to produce 
fuels for transportation, industry and electricity generation. Scientists 
have recently attempted to develop artificial photosynthesis process, 
where sunlight is harvested and used to chemically convert H2O and 
CO2 into two solar fuels namely, hydrogen fuel and carbon-based fuel 
such as methane, carbon monoxide and methanol [2]. This process 
is termed as CO2 reduction and is executed by using solar-derived 
hydrogen as a reducing agent [3]. The produced solar fuels can then 
be utilized in transportation, electricity generation, and production of 
fertilizers, plastics etc. 

It is proven that the artificial photosynthesis is 76% more efficient 
as compared to natural photosynthesis [4]. The lack of efficiency in 
natural photosynthesis might be due to the irregularities in nature 
whereby every plant is different from one another. The inefficiency of 
natural photosynthesis is also caused by the catalysts being ineffective 
during the photolysis of water. Referring to the absorption of light, 
photosynthetic plants are only able to absorb 50% of incident solar 
radiation compared to the photochemical cells found in the artificial 
leaf where, the amount of light absorbed can be manipulated by 
the material used [5]. Despite of higher efficiency, the biomimetic 
photosynthesis (in turn, artificial leaf) is yet proven to be unsustainable 
as it is only a reductive mimicry of the photolysis process of H2O. The 
artificial leaf is made to be cost efficient sacrificing its energy efficiency. 
The lifespan of the artificial leaf is still uncertain but research shows 
that the leaf can operate for 45 hours continuously without a single 
drop in functional activity [6]. For the artificial leaf to be sustainable 
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and efficient, it must be able to mimic the light-independent reaction 
(i.e. fixation of carbon). In an artificial leaf, the catalysts present are not 
separated as it is an integrated homogenous system. Thus, hydrogen 
and oxygen will always be produced in the same location. The efficiency 
of the leaf is compromised as the combination of both gases can lead to 
explosive circumstances. 

There are many factors which limit the functionality of the artificial 
leaf. The materials used in the artificial photosynthesis frequently 
corrode when come in contact with water making them less stable over 
long periods of time. In accordance to that, hydrogen catalysts used in 
the artificial leaf are also very sensitive to oxygen with the possibility 
of being inactivated or degraded in its presence. From a costing point 
of view, the price to research and develop an artificial leaf is still 
commercially costly as compared to fossil fuels. Looking further into 
the working principle of the artificial leaf, the natural water dissociation 
mechanism is difficult to be mimicked by man-made materials causing 
the limitation. Overall, the concept of biomimetic photosynthesis (i.e. 
artificial leaf) is rather innovative, and if it is accustomed to commercial 
use shall bring an enormous step ahead in terms of green technology.
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