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Mega Trends



Population Growth



Mobility



Ongoing Transformation of the 
Energy Supply in the United States
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Cost for Renewables are Falling
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Advanced energy technologies are 
providing real-world solutions by:

• Becoming increasingly cost-competitive 

• Boosting the U.S. energy industry

• Providing jobs for American workers

$50 

$36 Utility Scale Solar$45 

$21 Wind

$0

$20

$40

$60

2018 2019

2019 Xcel pricing for projects due to go online in 2023



NREL    |    7NREL    |    7

NREL
Historical 
Milestones

1977
President Jimmy Carter
opens the Solar Energy
Research Institute (SERI)

1991
President George H. W. Bush 

elevates SERI to national 
laboratory status

and renames the facility

President Jimmy Carter

1977–1980

2017
NREL 40th Anniversary

President George Bush

1989–1992

President Donald J. Trump

2017–Current
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NREL at a Glance

2,926
about

900
Workforce, including

219 postdoctoral researchers

60 graduate students

81 undergraduate students

World-class
facilities, renowned 
technology experts

Partnerships
with industry, 
academia, and 

government

Campus
operates as a 

living laboratory
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Government Energy 
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Energy Systems
Integration
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Security and Resilience

NREL Science Drives Innovation
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Areas of research include 

concentrating solar power, 
photovoltaics, grid integration, 

and market analysis. 

Together these areas will enable 

reliable, low-cost solar energy at 

scale on the grid and beyond it.

Solar Research

Research Challenges
• Integrate large amounts of solar energy into the power grid, while maintaining 

security and reliability and enhancing resilience.

• Improve the efficiency, lifetimes, and manufacturability of photovoltaic materials.

• Develop technologies for a third generation of concentrating solar power plants 
to further reduce costs and improve thermal storage capabilities.

• Capture surplus solar energy to provide heat and produce fuels and clean water.

• Create flexible, highly efficient solar cells that make low-cost power available 
without wires anywhere the sun shines

• Make solar an even better investment through work on bankability, 
reliability, and recyclability.
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Solar Perovskite Research

Record flexible ultralight device
Thickness <0.2mm ~148 mg/inch2

Cell

Understanding cell and module degradation

Scalable deposition methods 
– blade and roll-to-roll depositionRecord efficiencies

Perovskite Roadmap at NREL
Mini-module

NREL Addressing Commercialization Issues 
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Enabling low-cost and grid-

supporting wind energy by 
joining forces with DOE, 

industry, and interagency 

and state partners to advance 
scientific knowledge and 

technological innovation.

Wind Energy

Research Challenge
• Validate multiple wind technologies at scale to achieve an integrated energy system 

that can meet the complex energy challenges of the future.

• Develop taller wind turbines with larger rotors to capture greater wind resources at 
higher elevations and lower the levelized cost of wind energy.

• Develop innovations for offshore wind such as floating platforms, scaling solutions 
for larger offshore designs, advanced turbine controls, and lightweight drivetrains.

• Optimize total power output across the entirety of a wind plant instead of at the 
individual-turbine level.

• Enable sustainable manufacturing through new materials and new 
manufacturing processes.
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Enabling hydrogen to 

be a common means of 
transporting, storing, and 

transforming energy at the 

scale necessary for a clean 
and vibrant economy. 

Research Challenges
• Improving the economics of hydrogen production to enable it to shift energy 

across time, sectors, and location—including providing electric grid support and 
energy storage.

• Developing advanced materials for polymer electrolyte fuel cells and 
electrolyzers, focusing on the emerging markets of intermittent H2 production 
and heavy-duty transportation.

• Enabling safe fueling for heavy-duty hydrogen trucks, reducing the cost and 
improving reliability of fueling fuel cell electric vehicles.

• Researching hybrid bio-electrochemical processes and advanced cell concepts.

Hydrogen and Fuel Cell Research



NREL    |    14

Developing industrially relevant, 

cost-competitive, and 
performance-advantaged fuels, 

materials, and chemicals from 

renewable and waste carbon 
sources through foundational 

science, applied R&D, and 

industrial partnerships.  

Research Challenges
• Use electricity to upgrade carbon from diverse “low energy” sources such as 

CO2 and other waste gases to produce high-value fuels and chemicals at 
acceptable cost. 

• Use foundational science to design, upcycle, and manufacture energy and 
carbon-efficient materials and processes.

• Produce biofuel molecules that confer benefits such as higher energy content, 
higher octane, and lower soot formation—while meeting stringent cost targets.

• Develop industrially relevant bio-based materials and chemicals that provide 
performance advantages—such as recyclability, multifunctionality, and lower 
toxicity for chemicals.

Bioenergy
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Research Focus Areas

Energy Systems Integration Facility

• Renewable electricity to
grid integration

• Vehicle-to-grid integration

• Renewable fuels-to-grid integration

• Energy-water nexus

• High-performance computing, analytics, 
and visualization

• Large-scale numerical simulation

• Cybersecurity and resilience

• Smart home and building systems

• Microgrids

• Battery and thermal energy storage



Looking to the Future
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Environmental Scan: 
Observations Toward 2040

Assumptions that Guided
NREL’s Strategy Formulation:

• Growth of energy use in the developing world will 
far outpace growth elsewhere. 

• Global renewable power demand will grow.

• 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, decentralization will be strong 
drivers of energy transition.
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NREL
10-Year

Plan: 
A Vision 
for the 
Future 
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NREL’s Three Critical Objectives

Establishing the foundational 
knowledge/technology for design, 
recycle, reuse, remanufacture, and 
reliability for energy-relevant 
materials and processes.

Develop the foundational knowledge 
and technologies to optimize the 
integration of renewables, buildings, 
energy storage, and transportation—
modernizing our energy systems and 
ensuring a secure and resilient grid.

Circular Economy for 
Energy Materials

The conversion of electricity and 
small waste gases (e.g. CO2, H2O, N2) 
into chemical bonds for the purposes 
of chemical, material, or fuel 
synthesis and/or energy storage.

Electrons to MoleculesIntegrated Energy Pathways
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Five Research Areas

One Research Platform Developing 
and Using ESIF and IESS Assets

Advanced Research in Integrated Energy Systems (ARIES)

A unique research platform 
designed to de-risk, optimize, 
and secure current energy systems 
and provide insight into the design 
and operation of future energy 
systems. It will address the 
fundamental challenges of:

• Variability in the physical size of new 
energy technologies being added to 
energy systems 

• Controlling large numbers (millions to 
tens of millions) of interconnected 
devices 

• Integrating multiple diverse 
technologies that have not previously 
worked together.
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Partnering for Impact

This is a 10-year $100 million 
partnership that is intended to 
fill gaps in traditional energy 
approaches. Our scientists and 
engineers are collaborating to 
conceive and create solutions 
for today’s energy challenges.

NREL and Eaton are working 
together in the ESIF on grid 
intelligence, distributed energy 
resource management, 
advanced energy storage 
systems, virtual modeling and 
analysis, high-performance 
computing, and other research.

Our Innovation Incubator (IN2) is 
expanding this scalable model to 
other partners and technologies 
and growing to a multiyear, 
$30 million program.

Shell Gamechanger Powered 
by NREL is our five-year multi-
million-dollar partnership 
program with Shell. We have 
branded the program GCxN, 
and it focuses on battery 
longevity and advanced smart 
grid controls.
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