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Sustainable Processes Based on Green Catalysts 
Catalysts are crucial in many industrial processes, such as the manufacture of chemicals, 

petrochemicals, pharmaceuticals and food [1,2]. Biocatalysis plays a pivotal role in the 
production of chemicals and fuels. Indeed, biocatalysis has numerous benefits to offer in 
the context of green chemistry and sustainable development. Biocatalyst are green catalysts 
derived from renewable resources, they are biocompatible (sometimes even edible), 
biodegradable and essentially non-hazardous, i.e. it fulfils the criteria of sustainability [3]. 
Biocatalysis avoids the use of scarce precious metals, the long-term commercial viability of 
which is questionable and at the same time they are ecofriendly.

 Enzymes as biocatalysts
Enzymes are substances derived from renewable resources (produced by a living 

organism). Enzyme acts as a catalyst to bring about a specific biochemical reaction. Enzymes 
are divided into six functional classes and are classified based on the type of reaction in which 
they are used to catalyse. The six kinds of enzymes are hydrolases, oxidoreductases, lyases, 
transferases, ligases and isomerases. Industrial enzymes are enzymes that are commercially 
used in a variety of industries such as pharmaceuticals, chemical production, biofuels, food 
and beverage and consumer products [4]. Due to advancements in recent years, biocatalysis 
through isolated enzymes is considered more economical than the use of whole cells. 
Enzymes are biocompatible and biodegradable. Enzymatic reactions are performed under 
mild conditions (physiological pH and ambient temperature and pressure) in high selectivity, 
affording products in higher purity and processes that are more efficient in energy and raw 
materials consumption and generate less waste than conventional routes [5]. Figure 1 shows 
a scheme for bioethanol production through the enzymatic conversion of polysaccharides to 
glucose.
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Abstract
Catalysts are components usually used for the purpose of accelerating the rate of reactions by providing 
a surface for reactants to adsorb onto and products to desorb from. The role of the catalyst is to lower the 
activation energy of a reaction by providing a reaction pathway. However, the efficiency of the catalytic 
process reactions is affected many factors including the porosity and the presence of impurities that can 
influence the active surface of the catalyst. On another hand, the future of the industries is strictly related 
to the lessening of its environmental impact and more specifically to the solution of the climate warming 
problem. Therefore, established systems with sustainable catalysis processes is required for energy 
preservation and cleaner environment. The review highlights the role of green catalysts in industry and 
the current progress and perspectives of the industrial applications of some green catalysis processes for 
achieving the environmental, economic and social sustainability.
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Figure 1: Production of bioethanol using biocatalysts (enzymes).

Natural soil-based catalysts
Natural soil-based catalysts are another type of green catalysts 

that have been used extensively. Elements such as Si, Al, Fe, Ca 
and Ti are abundant in soil and are effective catalysts for biodiesel 
production [6]. Bentonite, a natural clay, is highly abundant in soil 
and can potentially function as a catalyst for biodiesel production 
[7]. Bentonite contains large amounts of montmorillonite, which 
has a large specific surface area and a net specific charge, which 
provides extensive ion exchange capacity. The properties of 
bentonite can be enhanced further by impregnation with an alkali, 
such as KOH, NaOH, or NaCO3.

Catalytic Processes to Accelerate Decarbonization

Figure 2: Energy diagrams for a single-step reaction in 
the presence and absence of a catalyst.

Achieving a net zero carbon society is impossible without 
catalysis; catalysts are central to efficient chemical processes and 
manufacturing, controlling both the rates and energy demand of 
chemical reactions. It lowers the activation energy of the reaction, 
so that more reactant molecules collide with enough energy to 
surmount the smaller energy barrier and therefore, it shortens 
the pathway of the reaction without changing the energies of the 
reactants or products and hence, no change on the free energy 
(Figure 2). It is well recognized that more than 90% of the chemical 
processes and thus the majority of all commodities produced 
involve catalytic transformations. There are many types of 
catalysts, currently the most studied and most commonly used are 
those that are derived from transition metals [8]. The dominance 
of transition-metal catalysts largely results from a combination of 
their efficiency, distinct modes of reactivity and the predictable 
control of both activity and selectivity upon ligand modification. 
These metals are characterized by their general resistance to 

oxidation and corrosion and consequently are also referred to as 
noble metals. Precious metals include the elements found in the 
second and third rows of the periodic table; those commonly used 
as transition-metal catalysts include rhodium, palladium, platinum, 
ruthenium, iridium, gold, silver and osmium. For one, the fact 
that precious metals are by definition scarce indicates that they 
lack abundance, are very expensive and are susceptible to supply 
fluctuations, which fuels growing concerns about their continued 
availability. However, with new catalysis, clean manufacturing and 
products are developed for the future: fit for a sustainable and high-
tech set of future industries.

The role of catalysts in reducing CO2 emissions
Reducing carbon dioxide emissions is one of the critical 

challenges to mitigate global climate change, which is having 
detrimental impacts on society and the environment. Fossil fuel 
combustion in transportation, power generation and industrial 
processes is the dominant contributor to carbon emissions. 
Numerous strategies have been established to mitigate CO2 
accumulation in the atmosphere, among which carbon Capture 
and Storage/Sequestration (CCS) is considered as a promising CO2 
reducing option. In contrast to carbon sequestration, converting 
CO2 into valuable chemicals could be a sustainable option [9]. 
Decarbonization have been investigated and developed over the 
past decades as a sustainable solution to mitigate carbon emissions. 
Catalysis plays an essential role to address climate change challenge 
by increasing energy efficiency, reducing carbon emissions, 
capturing carbon dioxide and utilizing clean energy sources to 
displace fossil fuels. Decarbonization through the conversion 
of CO2 to other valuable chemicals has become an interesting 
topic because it can reduce atmospheric CO2 concentration and 
produce useful compounds, such as fuels. For example, CO2 could 
be hydrogenated to methanol, ethanol, dimethyl ether, formic acid, 
acetic acid, methane, carbon monoxide and gasoline. A typical 
example is highlighted in the next session.

 Hydrogenating of CO2 for methanol production: CO2 is a 
stable molecule and difficult to convert. However, reacting CO2 with 
hydrogen can overcome this limitation and generate economically 
viable fuels including methanol. Methanol is an important chemical 
feedstock for internal combustion engines and fuel cells, as well as 
a platform molecule for the production of fine chemicals. Methanol 
is also a liquid at ambient temperature and pressure, making it easy 
to store and manage. Methanol was first produced in an industrial 
setting in 1923. BASF built a methanol manufacturing plant in 
Germany utilizing syngas (a mixture of CO2 and CO) as feedstock, 
and ZnO-Cr2O3 system as catalyst at 300-400 °C and 25-30MPa, 
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however, the reaction conditions were too severe. The conventional 
commercial gas-phase process for methanol production from 
syngas carries out the conversion in fixed-bed reactors (adiabatic 
reactor). The three reactions included are highly exothermic. The 
reactions are presented in equations 1-3.

2 32 (1)H CO CH OH+ →

2 2 3 23 (2)CO H CH OH H O+ → +

2 2 2 (3)CO H O CO H+ → +
To make the process sustainable, the recycling of H2 rich gas 

moderates the temperature rise across the adiabatic reactor. CO 
concentration at the reactor inlet is normally limited to about 10-
15%, after dilution with recycled H2. Figure 3 illustrate a schematic 

diagram of the process [10]. Other catalyst systems were used for 
methanol synthesis. A significant amount of methanol is formed 
recently by reacting syngas with hydrogen over a Cu-ZnO-Al2O3 
catalyst at temperatures between 200 and 300 oC, and up to 30bar 
of pressure. The catalyst can accelerate the chemical reaction by 
attracting the key gases onto its surface to be reacted and then 
releasing the products. However, this catalyst is not suitable for 
converting just CO2 and hydrogen to methanol, due to a limited 
lifetime and moderate selectivity to methanol. Because of this a 
variety of alternative catalysts are developed. Recent advances 
have employed a new catalyst composed of carbon, nitrogen and 
platinum. This catalyst is a solid material that is suspended in 
sulfuric acid to aid in the catalysis. The material is easily recyclable 
as it can be filtered from the acid.

Figure 3: Schematic diagram for methanol production from syngas [10].

One of the sustainable approaches is sourcing green 
(renewable) instead of grey (non-renewable) CO2 or H2. The green 
reactants are more costly, but is also expected to gain popularity 
with time, therefore becoming more affordable. The manufacture of 
methanol through thermo-catalytic CO2 hydrogenation with “green 
hydrogen” (derived from renewable energy sources) is regarded 
as the foundation of the “methanol economy”. This technology 
is a potential and promising technology for the conversion and 
utilization of CO2 [11]. Green Liquid CO2 that is obtained from 
crop-fed biogas plants could be used. On another hand, utilizing 
a catalyst, especially at the nano-level, significantly enhances 
surface area, increasing CO2 consumption and fuel generation. 
It was reported that about 92% syngas conversion per pass and 
more than 90% selectivity was obtained using Cu nanoparticles as 
catalyst. The % syngas conversion and % selectivity was found to 
depend on the amount of the nano Cu catalyst employed at 100 °C 
and 20bar syngas pressure [12,13].

Conclusion
Catalysts are leaders in the quest for sustainability in catalytical 

reactions. Their ability to make reactions more efficient, selective 
and environmentally friendly is transforming industries worldwide. 
For advancing the field of catalysis, it is essential to look forward 
sustainable catalysis processes to minimizing the energy consumed 
and carbon footprint of the reaction products. In the real-world 
time, green catalysts are crucial components and tools of modern 

chemistry and chemical engineering for achieving sustainable 
processes. Nevertheless, challenges persist. The time-consuming 
and costly processes of the design and development of new 
catalysts is one of the challenges and the unavailability of catalysts 
to all the reactions is another challenge. Moreover, the exitance 
of rare or toxic elements in the catalyst may create resources of 
environmental pollution. Therefore, more effort is required in 
research for developing more efficient and novel synthesis routes 
and advanced characterization methods for green and sustainable 
catalysts.
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