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Abstract
The United States Department of Energy’s National Renewable Energy Laboratory (NREL) conducts
advanced scientific research that is transforming energy. Three initiatives are pivotal to our
strategy at NREL and drive most of our research: Integrated Energy Pathways, Electrons to
Molecules, and Circular Economy for Energy Materials. Integrated Energy Pathways research
develops foundational knowledge and technologies to optimize the integration of renewables into
a modernized, secure, and resilient grid. The Electrons to Molecules research underway at NREL
focuses on converting electricity and small waste gasses (e.g., CO2, H2O, N2) into chemical bonds
for fuel synthesis and/or energy storage. NREL’s third initiative, Circular Economy for Energy
Materials, is establishing foundational knowledge/technology for design, recycle, reuse,
remanufacture, and reliability for energy materials/processes. To formulate our strategy, leaders
at NREL deliberated upon the following assumptions:
• Growth of energy use in the developing world will far outpace growth elsewhere.
• Global renewable power demand will grow.
• Hydrocarbons will remain a necessary part of the global energy mix.
• Urbanization trends will dominate new infrastructure growth.
• Electrification and electric vehicle adoption will grow strongly.
• Demand for high-density liquid fuels will grow.
• Digitization, data, and decentralization will be strong drivers of the energy transition.
These same assumptions must be considered as implementation plans are developed to
decarbonize the economy by 2050. For example, current energy systems deliver power in one
direction to end use customers. As energy storage and distributed and variable generation are
added to the grid, bi-directional power flows and other issues that impact control and
optimization must be addressed. NREL’s vision is to develop Autonomous Energy Grids that are
optimized for secure, resilient, and economic operations. This will be achieved through advanced
science in controls, optimization, complex systems, and big data analytics. Electrification of the
residential, industrial, and transportation sectors will also play a vital role in the path to
decarbonizing the economy. Toward this end, NREL researchers are working to understand how to
control the millions upon millions of power electronics that will interact with the grid on a
broader scale while still ensuring that the grid is resilient, reliable, and secure.
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