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The concentration of carbon dioxide (CO2) in the atmosphere has reached an unprecedented level that is widely considered as a major anthropogenic source for global warming and climate change. According to BP statistical review of world energy, in the year 2017 China has made the largest CO2 emission by 1.6% and the next highest increment came from India. CO2 is also an abundant C1 feedstock for making chemicals, materials, fuels, and carbohydrates. In addition, CO2 utilization is considered with much attention as it would recycle carbon and reduce the emission of CO2. Direct Hydrogenation of CO2 to methanol has gained much attention in the recent years and is the one of the promising way that could offer a solution to diminish the effect of global warming and depletion of fossil fuels. Methanol is a significant starting product for a number of valuable chemicals and can be applied as a clean fuel and fuel additive. Additionally, it can also be converted into aromatics, ethylene, and propylene as well as to other value-added petrochemicals that are nowadays mainly derived extracted from crude oil. Moreover, methanol was mainly applied as a starting feedstock in the chemical industries and it could also be an efficient sustainable and alternative synthetic fuel if anthropogenic CO2 and regenerative hydrogen are used as reagent for its synthesis. One of the most effective ways of accomplishing this goal is to explore high selective and active catalysts for methanol synthesis due to its thermodynamic stability of CO2.Currently, the source of H2 for CO2 hydrogenation is produced from fossil fuels by steam reforming or partial oxidation of methane and coal gasification. H2 can also be generated from water splitting (electrochemical, thermal, photolytic and so on). Greener production of H2 is one of the essential component to realize the fundamental reduction of carbon emission.
In addition, the reaction at low temperature can enhance the energy efficiency of the CO2 hydrogenation to methanol process, however, it is still challenge due to the activation of CO2 at low temperature. Furthermore, the economics of CO2 hydrogenation to methanol production systems can be evaluated based on the reported economic model and the relevant parameters. The unit cost of methanol for nuclear energy assisted CO2 hydrogenation to methanol production system is 9% higher than the cost for conventional methanol synthesis under carbon trading scenario. In order to make the CO2 to methanol economically competitive with the conventional methanol synthesis, the electricity price has to be in the range of 16.2–30.2 USD MWh–1. The other essential component for the chemical recycling of CO2 is catalysts system. Because CO2 is a very stable molecule with a bond length of 116.3 pm and a bond dissociation energy of 1072 kJ mol–1, a large energy input is required to transform CO2.
The major reactions for hydrogenation of CO2 to methanol are methanol synthesis (Eq.1) and water–gas-shift reaction (Eq.2). There is a possibility that CO formed from reaction (Eq.2) that incurs further hydrogenation to generate methanol (Eq.3) .The methanol formation is an exothermic reaction with reduction of reaction molecule. Hence, the rise of pressure and the decrease of temperature should favour for the reaction from thermodynamical analysis. Nevertheless, taking into account the chemically inert nature of CO2 and the reaction rate, the amplification of reaction temperature (e.g. >240 °C) promotes activation of CO2 and then formation of methanol. The reverse water–gas-shift reaction leads to a reduction of methanol formation and causes extra consumption of hydrogen. Water formed as a by-product, from both the reverse water–gas-shift reaction and synthesis of methanol, also had an inhibitory effect on the active metal during the reaction, thus leading to the catalyst deactivation. Consequently, synthesis of methanol from CO2 hydrogenation needs more selective catalysts in order to avoid the formation of unnecessary and undesired by-products
 
                          CO2 + 3 H2                                         CH3OH + H2O                       (Eq. 1)

                                                            ∆H 298 K, 5MPa = - 40.9 kJ/mol.   Methanol formation

                       

                           CO2 + H2                                          CO + H2O                                (Eq.2)

                                                           ∆H298 K, 5MPa = - 49.8 kJ/mol.   Reverse water-gas shift


                            CO2 + 2H2                                         CH3OH                                     (Eq.3)

                                                           ∆H298 K, 5MPa = - 90.7 kJ/mol.      Methanol formation



High temperature facilitates CO2 activation, while the simultaneous formation of CO through the RWGS is the primary competitive reaction for methanol synthesis in CO2 hydrogenation. From the thermodynamic point of view, CO2 hydrogenation to methanol (Eq. 1) is favoured by low temperatures and high pressures. For low temperature methanol synthesis, many researchers selected homogeneous catalysts to hydrogenate CO2 hydrogenation, which show satisfactory activity and selectivity, while the recovery and regeneration are problematic.
Alternatively, heterogeneous catalysts are preferable in terms of stability, separation, handling, and reuse, as well as reactor design, which reflects in lower costs for large-scale productions. Generally, heterogeneous methanol catalysts can be mainly classified into three categories: (1) Metal-based catalysts, which are mainly modified methanol catalysts for CO2 hydrogenation with Cu species as the main active component and catalysts with noble metals such as Au, Ag, Pd and Pt as active components; (2) Oxygen deficient materials, their oxygen vacancy sites are used as active sites; (3) Other catalytic system with novel catalytic structure. The reaction mechanism of this kind of catalyst is very different from those of two kinds of catalytic systems mentioned above.
A high methanol selectivity can be easily achieved under low temperature operation (90%) can be obtained over In2O3/ZrO2 and ZnO-ZrO2 solid solution catalysts even the reaction temperature was above 300oC, while CO2 hydrogenation conversion is lower. Furthermore, the oxide catalyst also shows the resistance to sulphur-containing molecules in the stream. The sulphur-containing molecules are always present in CO2 sources from flue gas produced from coal or biomass burning. Therefore, the high stability of the catalyst toward the sulphur-containing molecules makes the oxide catalyst superior to metal-based catalysts. Although a large number of works on catalytic CO2 hydrogenation to methanol have been done with experimental observations and theoretical analyses, the reaction mechanism is still in dispute. The future research should certainly emphasize on fundamental understanding regarding the nature of the active sites and interactions among active components, promoter, and support as well as reaction mechanisms, which play a critical role on the rational design of highly active catalyst for CO2 hydrogenation not only to methanol but also to other chemicals and fuels
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