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The conversion of captured CO2 into methanol (MeOH) and dimethyl ether (DME) represents a 
promising pathway for integrating carbon utilisation with renewable hydrogen production, enabling the 
transformation of CO2 from an emission source into a carbon feedstock for synthetic fuels and 
chemicals. In this context, catalytic hydrogenation plays a central role in determining the efficiency, 
flexibility and scalability of Power-to-X processes [1]. 
Conventional MeOH synthesis relies mainly on Cu-based catalysts, whose performance is intrinsically 
constrained by thermodynamic equilibrium, catalyst deactivation and the impact of reaction water. 
Advanced Cu–Zn–Zr formulations provide opportunities to improve metal–support interactions, thermal 
stability and resistance to water-induced deactivation. Further process intensification can be achieved 
by coupling MeOH synthesis with dehydration functionality, enabling the direct production of DME 
through a one-pot approach and potentially reducing process complexity [2]. 
This contribution discusses recent developments in catalyst design and process engineering for CO2 
hydrogenation to MeOH and DME, with particular emphasis on the interplay between catalyst 
properties, reaction conditions and reactor configuration. The analysis highlights the technological 
opportunities and remaining barriers associated with integrating CO2 utilisation into broader carbon 
management strategies. Particular attention is given to the role of renewable H2, process intensification 
and catalyst durability in determining the environmental and technological value of these pathways, 
outlining perspectives for the development of scalable CCUS-to-fuels systems. 
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