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At the turn of the 21st Century, the critical shortage of abundant, affordable, and clean energy demands greatly accelerated advances in energy research on materials. The high-pressure dimension offers enormous new areas for the next-generation breakthroughs in energy sciences. The next-generation high-pressure exploration must first start with the development of a full array of enabling tools, from first-principles computational methods and analytical probes to new pressure vessels. We now have a rare opportunity to bridge the gap between the state-of-the-art synchrotron and neutron probes and high-pressure apparatus, thus maximizing the potential of these probes for high-pressure energy exploration. 
Pressure drastically and categorically alters all phonon, electronic, magnetic, structural and chemical properties, and pushes materials across conventional barriers between insulators and superconductors, amorphous and crystalline solids, ionic and covalent compounds, and vigorously reactive and inert chemicals. Most promising is that an increasing number of novel materials with unique properties discovered at high pressures can be stabilized at low pressure; some of these can even be recreated through alternative chemical paths. High-pressure research thus meets energy challenge in four categories:

1. revealing novel phenomena, materials, and processes,

2. discoveries at high pressures, recoveries for ambient energy applications,

3. fine-tuning materials properties for fundamental understanding of physical and chemical principles,

4. designing energy-specific materials and processes.
