Editorial
Introduction to the Special Issue on Carbon Storage

The steadily-rising concentration of carbon dioxide in the atmosphere is an easily-variable fact [1]. Furthermore, the overwhelming weight of scientific evidence attributes this rising trend primarily to human activity and also links it clearly to an on-going process of global climate change that threatens the health and wealth of humankind [2, 3]. The burning of fossil fuels is the largest single source of anthropogenic carbon dioxide emissions and one that must be drastically reduced if catastrophic climate change is to be avoided [3]. It is generally recognised that there is no single approach capable of bringing about the necessary reductions in CO2 emissions; nevertheless, such reductions could be achieved through a combination of demand reduction, substitution of high-carbon fossil fuels by low- or zero-carbon alternatives, and deployment of carbon capture and storage (CCS) technology. The demand for fossil fuels per unit of economic output is already declining in major economies, although this is being offset by expansion of the global economy [4]. High-carbon fuels, especially coal, are also being displaced in some parts of the world in favour of by lower-carbon fuels, such as natural gas, and by renewables, such as wind and solar power, that are associated with near-zero CO2 emissions. No doubt these processes of demand reduction and fuel switching will (and must) continue. What practical role the third approach will have remains to be seen. Carbon capture and storage is a technology that could allow the continued use of fossil fuels by capturing the CO2 liberated in combustion (or in pre-combustion decarbonisation) and transporting it to secure underground storage. The most favourable sinks for CO2 storage are sedimentary basins, especially depleted oil or gas reservoirs and deep saline aquifers, into which the CO2 can be injected at high pressure [5]. Once in the storage reservoir, CO2 can be effectively immobilized through a variety of means including structural trapping below impermeable cap-rocks, capillary trapping in the porous reservoir rocks, dissolution into the native reservoir fluids and, ultimately, mineralisation. The estimated capacity of such geological formations is sufficient to allow CCS on the scale necessary to make a significant impact on the problem [5]. The principal merit of CCS is that, as an interim technology, it could facilitate the on-going provision of secure and abundant low-carbon energy in an interim period during which renewable energy systems are improved in efficiency, reduced in cost, and expanded in scale to meet global demand.

CCS is happening today on a modest scale and the technology certainly exists to roll out a first generation of CCS-enabled power plant and industrial processes. Nevertheless, CCS is expensive and raises a number of safety and environmental concerns that call for improved technology, under-pinned by sound research. To that end, much effort is being expended on the science, engineering, economic, legal and policy issues associated with CCS processes. Thermodynamics is perhaps the most fundamental science underpinning CCS technology and this Special Issue of The Journal of Chemical Thermodynamics brings together a collection of papers from leading experts in that field with a particular focus on thermodynamic and transport properties relevant to CO2 transportation and storage. These processes are characterised by high pressures and by the existence or formation of mixtures of CO2 with both impurities present in the capture stream and reservoir fluids. The fluid properties of interest from an applications perspective include phase behaviour, interfacial properties, and single-phase properties such as density, viscosity and diffusion coefficients. These properties are important because they directly affect key aspects of process design including the sizing of pipelines, the location and specification of compressor stations, and the flow of fluids in the injection wells and the reservoir. Knowledge of these properties is also essential in predicting the long-term fate of sequestrated CO2 and in the assessment of failure mechanisms such a pipeline rupture and reservoir leakage. It is my hope and expectation that the papers presented in this Special Issue will make a significant contribution to the field.
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