To significantly reduce energy-related CO2 emissions, massive deployment of many different low-carbon energy technologies is required. This includes efforts to increase energy efficiency in power and industrial production, and on the demand side. A broad portfolio of renewable energy, nuclear power and new transport technologies are also critical in reducing the carbon footprints of our societies. While not a “silver bullet” in itself, carbon capture and storage (CCS) must be a key part of this portfolio of technologies.
CCS involves the implementation of the following processes in an integrated manner: separation of CO2 from mixtures of gases (e.g. the flue gases from a power station or a stream of CO2-rich natural gas) and compression of this CO2 to a liquid-like state; transport of the CO2 to a suitable storage site; and injection of the CO2 into a geologic formation where it is retained by a natural (or engineered) trapping mechanism and monitored as necessary.
The individual component technologies required for capture, transport and storage are generally well understood and, in some cases, technologically mature. For example, capture of CO2 from natural gas sweetening and hydrogen production is technically mature and commercially practiced, as is transport of CO2 by pipelines. While safe and effective storage of CO2 has been demonstrated, there are still many lessons to gain from large-scale projects, and more effort is needed to identify viable storage sites. However, the largest challenge for CCS deployment is the integration of component technologies into large-scale demonstration projects. 
This is especially true for CO2 storage, where the number of sites where CO2 is injected and monitored at a rate and under commercial conditions representative of CCS on an industrial level remains limited. Without the experience that can only be gained through demonstration, CCS will not become a commercially investable proposition.
New technologies do not jump directly from the pilot stage to full-scale operation. In the gas turbine industry, it can take over a decade to move a new design, such as a more efficient blade configuration, from pilot scale to an off-the-shelf product. During this period, large turbines are commercially operated, but under business arrangements that take into account the risks of first-of-a-kind plants.
Demonstration is therefore an essential intermediate step with reduced risk exposure that facilitates learning-by-doing and culminates in a technology that can be sold in the marketplace with performance guarantees bankable for investors. Individual demonstration projects need be only at a scale that is sufficiently large to be representative of commercial operation. This provides the marketplace and the engineering community with new information on equipment performance, the market for low-carbon production, the integration of the CCS value chain and the behaviour of stored CO2. The scale is generally considered to be at least 0.8 MtCO2/ yr for a coal-based power plant, or at least 0.4 MtCO2/yr for other emission-intensive industrial facilities.

