
  

 
 

 
 

 
 

 

 
 
 

 

 
  

 

 
 

 
 
 

 

 
 

 
 

 

  

NREL Fundamental Research is Securing 
Our Science and Technology Future 
Major technological advances don’t 
just happen—they are the result of 
years of basic research breakthroughs. 
NREL is using its foundational research 
to understand our physical world and 
accelerate the pace of innovation for the 
beneft of all Americans. 

NREL’s fundamental research supports the U.S. Department of 
Energy (DOE) Ofce of Science mission to deliver major scientifc 
discoveries and tools to advance the energy, economic, and 
national security of the United States. 

As a DOE applied research national laboratory, NREL has a 
unique fundamental science perspective. Our basic research 
allows us to advance existing technologies and discover next-
generation innovations from a deep understanding of real-
world challenges. 

This use-inspired basic research strategy has increased NREL’s 
intellectual property (IP), licensed patents, and partnerships to 
accelerate the pace of innovation, creating a robust pipeline of 
future technologies. 

Value and Impact of NREL’s 
Fundamental Research 
NREL partners with universities and industry to ensure our 
scientifc advances translate into real benefts for the nation. 
Our partners also play a crucial role in training current and future 
scientists and engineers in rapidly evolving felds. 

Harnessing Solar Energy on Earth and in Space 
Industry growth. NREL has an exceptional track record 
of advancing semiconductor science and technology for 
photovoltaics (PV) and other applications. Our partnerships 
in commercial and next-generation systems have grown 
the domestic PV industry and led to the adoption of new 
technologies and processes. 

U.S. leadership in space power and beaming. NREL’s 
fundamental research on III-V semiconductors and their 
behavior in space has led to their use in the NASA Mars rover 
and in numerous satellites. We are also exploring new uses for 
these materials in power beaming from space to Earth. 

NREL Basic Science Core Capabilities 
NREL researchers are developing the foundations for 
new energy solutions through core capabilities in: 

Advanced Computer Science, Visualization, and Data 

Applied Mathematics 

Biological and Bioprocess Engineering 

Biological Systems Science 

Chemical and Molecular Science 

Computational Science 

Condensed Matter Physics and Materials Science 

Power Systems and Electrical Engineering 



 
 

  

 
 

 
 

 
 
 

 
 

 

 
 

 

  
  

  
  

 
 

 
 

 
 

 

 
 

 
 

 

 
 

 
 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 

 

 

Energy-Efcient Processes for Fuels and Chemicals 
Solar fuels. Through our solar photochemistry program and 
the Liquid Sunlight Alliance, we have shown the promise of 
making energy-dense liquid fuels directly from sunlight, water, 
and carbon dioxide. These fuels would be compatible with our 
existing fuel infrastructure and would complement fossil fuels. 

Bioenergy research. NREL is a major partner in the Center for 
Bioenergy Innovation, which develops process-advantaged 
feedstocks and consolidated conversion strategies to enable a 
circular bioeconomy. 

Electron-bifurcating enzymes. Our deep understanding of 
energy transformation in bifurcating enzymes is leading to new 
synthetic catalysts that can drive energy-intensive reactions. 

Ammonia production. NREL has proven that nanocrystals 
can capture sunlight, transfer electrons to nitrogenase 
enzymes, and produce ammonia for fertilizer production. 
This biohybrid approach could be a lower-cost alternative 
to producing ammonia. 

New Materials for Energy Technologies 
Better lithium ion batteries. NREL is developing nanoparticle-
based anodes for higher capacity and more reliable batteries 
by precisely controlling molecular surface coatings. Our recent 
success in scaling up this process resulted in IP licensing. 

Rare earth alternatives. Many energy technologies contain rare 
earth elements that are sensitive to supply chain disruptions. 
NREL is combining experimental and computational research to 
discover and synthesize high-performance alternatives. 

Metastable nitrides. NREL is investigating the unique 
characteristics of metastable nitrides for their promise in extreme 
environment sensors, microelectronics, and power electronics. 

Cross-Cutting Capabilities 
Energy Frontier Research Centers (EFRCs). NREL leads two 
EFRCs and collaborates on six others. EFRCs are an excellent 
way for national labs and universities to collaborate to bridge 
diferent scientifc disciplines and address the toughest 
challenges in fundamental energy science research. 

From atoms to assembly lines. NREL is combining cutting-
edge electron microscopy with artifcial intelligence and 
machine learning to understand the impact of atomic-scale 
defects in real-world devices. We are also using these tools to 
autonomously discover and design new materials and learn how 
to accelerate their scale-up for manufacturing. 

Theory to guide research. NREL’s new theoretical methods, like 
the software suite Questaal, illuminate complex phenomena, 
identify knowledge gaps, and predict experimental outcomes to 
drive innovation. 

Next-Generation Microelectronics and Computing 
A new microelectronics paradigm. NREL’s co-design of 
materials interfaces and manufacturing will enable breakthroughs 
in power electronics that can turn our aging electric grid into one 
that is resilient, reliable, and able to meet growing demands. 

Beyond semiconductors. 3D topological semimetals ofer 
exciting opportunities to exploit exotic states of matter that 
overcome semiconductor limitations. These quantum materials 
can improve energy production and distribution, drastically 
reduce energy consumption of data centers, and enable 
quantum or neuromorphic computing. 

Chiral-induced spin selectivity. NREL’s understanding of spin 
and charge in new hybrid materials has led to the demonstration 
of a highly efcient polarized LED that can revolutionize 
telecommunications, spintronics, and quantum computing. 

Neuromorphic computing. NREL is establishing foundational 
knowledge about materials and mechanisms for computing 
architectures that emulate the human brain and approach the 
fundamental limits of energy efciency and speed. 

A spin LED stack with a chiral semiconductor layer allows spin-aligned electrons 
to emit circularly polarized light (yellow helix). Illustration by Alfred Hicks, NREL 

For more on NREL’s basic 
energy sciences research, 
visit nrel.gov/research/ 
basic-energy-science 

Cover image: Tumas, Bill, et al. “Report of the Basic Energy Sciences 
Roundtable on Liquid Solar Fuels,” (2019). DOI: 10.2172/1615599. 
Illustration by Alfred Hicks, NREL 
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