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In the last few years, there has been acceleration in introduction of new ideas for more efficient production of hydrocarbons from subsurface formations and the stewardship of the environment. Two items stand out: 1- The use of functional molecules in very small quantities to achieve major objectives, and 2- Increasing use of atomistic, molecular, and mesoscopic scale simulations to engineer effective molecules and compute physical and mechanical properties of rocks and fluid-rock systems.  Shale gas has changed the energy land scale in the world. The exploitation of shale resources from hydraulic fracturing by water has also raised environmental concern. This presentation will cover three topics of new developments.
New Improved Oil Recovery Process from Use of 100 ppm Functional Molecules. The new process is through increase of interface elasticity at 100 ppm concentration in injected water. The process relies on change of molecular structure at the brine-oil interface and prevention of snap off. An environmentally friendly chemical has been found which has very low adsorption at the rock surface. The process is simple to apply in the field. It can increase the oil recovery by around 20% in some crude oils. The efficiency can be more effective than low salinity water injection.
CO2 Viscosification. Supercritical CO2 has gas-like viscosity and liquid-like density. The low viscosity limits the application of CO2 for improved oil recovery and CO2 fracking. The fracking by CO2 has major advantages over hydraulic fracking by water. It does not require flow back and the potential for seismicity activities may be less. It may be also more effective in fracking than by water. The challenge has been to engineer molecules that are soluble in CO2 and are effective in viscosity increase. We have carried out mesoscopic molecular simulations to facilitate engineering of new molecules through knowledge of molecular structure in CO2. Only one group of effective polymers have been recognized in the past. These molecules have high fluorine content and are both expensive and environmentally undesirable. 
[bookmark: _GoBack]Physical and Mechanical Properties of Kerogen-Fluid and Flow in Shale Media. There has been much research recently in molecular simulations of adsorption and flow in shale media. Kerogen is the key component of shale matrix and the focus has been in molecular simulations of adsorption and flow. Majority of authors assume that kerogen matrix is not deformable. Deformable kerogen can directly capture swelling as well as providing more accurate description of adsorption and flow. Our recent results on adsorption and swelling in deformable kerogen matrix will be discussed. A new technique is introduced to prevent collapse of pore structure from removal of dummy particles when creating kerogen matrix with desirable porosity. The last part of the presentation will cover computation of kerogen mechanical properties and prediction of kerogen failure under tension and compression.     
