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1. Introduction
Among the various branches of science and technology, catalysis is one of the  branches of science which has contributed to the growth and sustainability of life process in this planet. In fact, the energy conversion processes and storage, either conventional or the new non-conventional energy sources like hydrogen, electricity and other forms, largely depend on the development of  catalyst technology. For example, with the identification of considerable lithium sources in one of the states of India, augers well that energy conversion and storage technologies are bound to undergo a rapid progress in this country.  Secondly, the development of the technology of nano-catalysis and identification of single atom active sites are expected to increase the production of chemical industries. However, even though there is expected to give rise to tremendous of knowledge generation in this sphere, the implementation of this is expected to meet with certain hurdles like agglomeration of the active single or cluster sites and also the designing economically the active sites on industrial catalysts. The development of instrumental techniques enabled to decipher the surface processes up to molecular level. But still, the nature holds the key from the understanding of the fundamentals and manipulation of the catalytic force. The theoretical treatment of the surface processes (like DFT calculations) though is capable of providing some molecular level information, the optimization of the processes still appears to be beyond one’s reach even though some suggestions are still possible. The purpose of this presentation is therefore, to address these issues and to outline the means of lengthening the life of a catalyst and how the new generation catalyst systems perform in actual manufacturing conditions and the ways to improve catalytic power of solid catalysts. 
The last few decades have witnessed tremendous progress in all branches of science including catalysis.   However, since this branch of science contributes mostly  to the economy of the universe, the expected  and required progress is beyond what have been achieved so far. So far, most of the industrial catalytic process have been relying on pressure and temperature as possible variables for maximizing the benefits in economy and yield. The current  practicing technologies are developed extensively keeping in mind only these two variables.
2. Change in Raw Material Inventory in hydrocarbon industry
Hydrocarbon conversion is the major industry which employs a number of  catalysts extensively. However, this process of conversion of hydrocarbons to high-energy fuels and health concerned products like drugs and other industrial chemicals now have to look for alternate raw materials other than crude oil.  The approximate energy demand of the universe is shown in the figure and almost all of them are dependent of the fossil fuel (petroleum, coal and natural gas) resources. The choice appears to be renewable biomass [1]. The biomass is “any organic matter that is available on a renewable or recurring basis, including dedicated energy crops and trees, agricultural food and feed crop residues, aquatic plants, wood and wood residues, animal wastes, and other waste materials”. The most common resources of biomass to be used in biorefinery are derived from energy crops, agriculture residues and wastes, forestry wastes and residues and industrial and municipal wastes and all these four sources are both discarded at present and also have health hazardous. The existing oil refining industries have to quickly reorient themselves to this change in raw material and adopt themselves to produce value added chemicals from so-called waste resources and learn to convert waste into wealth. This change over probably solves the energy crisis of the universe and also will address to some of the environmental concerns expressed on the use of fossil fuels.  
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Fig.1. Approximate energy science of the universe in the last decade [Reproduced from reference 1]
3.  The concept of single atom catalysis
The main idea behind this development in the last two decades is to minic metalloenzymes, organometallic complexes and open frame work structuress in heterogeneous catalysis.in less than a decade, this topic of single-atom catalysis has become a highly in just a decade, the topic of single-atom catalysis has become a highly transversal area of contemporary research.  The time line in the growth of single atom catalysis in the synthesis, characterization and application is shown in Fig.2 especially for challenging reactions like Oxygen Reduction Reaction (ORR), water-gas shift Reaction (WGSR), which are important reactions to understand life process and also in the energy conversion process. The design of molecularity or cluster sizes and their stability are two important aspects in commercial exploitation of these high active systems.   To improve the intrinsic activity of the active sites is to avoid reconstruction of these sites and this can be achieved by suitably anchoring the active sites without altering its electronic and geometric configuration. This advanced technology can be expected to be developed in the near future.  
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Fig.2. The time line in the growth of the science of single-atom catalysis [reproduced from reference 2].
4. Fine chemicals industry
Fine chemicals fall under the category of single, pure chemicals with a low turn-over (< 1000 tons per year) and high value (> Rs.1000 per Kg). They serve mainly as pharmaceuticals, life sciences, agrochemicals and photochemical products. The major shift in the production and business of these products are motivated by sustainability requirements, green chemistry and engineering tools and innovative models for the fine chemical production. In this sphere, the bio-based (biotransformation process) chemical production from renewable sources like carbohydrates, oils, fats and lignin; oleochemical based fine chemicals, high value fine chemicals by the technology of blow waste valorization and carbon dioxide reduction process are the main technologies for the production of fine chemicals.   The hurdles faced in this technology are to achieve the required selectivity for chemicals of relevance. However, the reformation technology of reducing the number of carbon atoms in the parent molecules like carbohydrates and cellulose and achieve the desired number of carbon atoms in the product molecule so that the product will find application in the spheres of activity. For example, the catalytic conversion of biomass derived to typical value-added chemicals like 5-hydroxymethylfurfural, levulinic acid and formic acid  and processes like these are industrially important and awaits commercial exploitation.  Types of reactions mostly employed on carbohydrates and molecules derived from them are dehydration, hydrolysis, isomerization, hydrogenation, hydrogenolysis and c-c coupling. The synthesis of value-added chemicals from carbohydrates mainly are dihydrolevoglucosenone, 1,6-hexanediol, furandicarboxylic acid, terephthalic acid, lactic acid, and lactide. The ultimate goal in catalyst development is to design and synthesize a solid catalyst that can achieve 100% selectivity and high activity under mild reaction conditions similar to the conditions employed in enzyme catalysis. It is necessary that deep understanding of the structure-performance relationships and also the capability to design and architecture the expected performance.   In general, the initial platform chemicals from biomass is summarized in Fig.3.
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Fig.3. The possible initial Platform Chemicals from lignocellulose [reproduced from reference 3]
5. Exploitation of Small Molecules like Carbon dioxide and Dinitrogen
With the development of society and increase of world population, the demand for energy is soaring year by year.   Among various applications, solar driven carbon dioxide reduction to generate low carbon fuels or small molecule organic compounds not only benefit CO2 emission reduction, but also can be used as a carrier of energy storage to some extent, which is significant to alleviate energy shortage and global environmental crisis [4,5]. Among the various diverse methods for CO2 conversion, the photo-electrocatalysis can endow more remarkable performance by integrating photocatalysis with the electrocatalysis and developing the merits of both approaches in recent years. In recent years, the photo-electrocatalytic CO2 reduction developed rapidly and is briefly considered. The photo-electrocatalytic CO2 reduction system can be divided into the following categories:1. Dark anode and p type photocathode 2.dark cathode and n-type photoanode 3.p-type photocathode and n-type photoanode. 4. A novel tandem device integrating solar cell to provide voltage and continuous flow of CO2 are developed to reduce CO2 on the surface photocathode with appropriate selectivity.   The effect of all the influencing  parameters have been investigated, but the control of the material properties, thermodynamics and kinetics of the process has to be fully understood. Some of the challenges and issues are as follows:1. The conversion efficiency and product selectivity of CO2 are still insufficient for practical application. 2. The comprehensive and reliable detection system  and standardization of the process is lacking. 3.Advanced  in situ characterizations to understand the surface transformations in detail have to developed. 4.Advanced computational methods like DFT have to be advantageously used to predict suitable photoelectrodes. It is hoped that these will be achieved in future.
Another aspect requiring immediate attention is to develop an energy efficient synthesis process development for ammonia. Photo-electrochemical Nitrogen Reduction Reaction (PEC-NRR) is a challenging method for green ammonia production, utilizing direct solar energy, water as a proton source accelerated with possible external potential may be expected to overcome the kinetic barriers normally met in this synthesis [6]. In this connection, exotic economically viable materials like carbon-based materials with heteroatom substitution (especially nitrogen) may be expected to evolve as suitable alternatives in the near future. Development of a sustainable and energy efficient  ammonia production for both fertilizer and fuel source is likely to have the same global impact in this century as did the Haber-Bosch process 100 years ago.  The complexity of the six-electron, six-proton reduction involved is most difficult by traditional electrochemistry  but multiple activations by photons and electrical potential may be one of the possible and deliverable technologies in future.  For both selectivity and energy efficiency the strategy may have to focus on catalyst features, such as defects, edges and steps that offer low overpotential pathways, close to, or above the Reversible Hydrogen Electrode Potential (RHE). The development in theoretical side of the mechanistic studies can provide clues for be identifying these possibilities, in particular in searching specific surface features that provide low energy pathways. 
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