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Laboratory Snapshot

• 40 years of clean-energy leadership &  innovation
• World-class facilities, ~2700 staff
• Campus is a living model of sustainable energy

Part of the U.S. Dept of Energy, one of the 
17 National Laboratories.

Only U.S. National Laboratory dedicated solely 
to Energy Efficiency and Renewable Energy
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• Vehicle 
Technologies

• Hydrogen

• Biofuels

Foundational 
Capabilities

Renewable ElectricityEnergy 
Productivity

Sustainable 
Transportation

Scope of NREL Mission

• Residential& 
Commercial 
Buildings 

• Sustainable 
Data Centers

• Solar

• Wind / Water

• Geothermal

• Grid Integration

• Batteries and Thermal 
Storage

• Computational 
Science

• Strategic 
Energy Analysis
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SOLAR

• NREL invented the first commercially viable 
multijunction solar cell, the gallium indium 
phosphide (GaInP)/gallium arsenide (GaAs) 
tandem, which forms the basis for every solar 
cell used by the space industry

• NREL invented the inverted metamorphic 
multijunction (IMM) solar cell and 
demonstrated a 45.7% efficiency for this 
technology.

Photovoltaic Pioneer
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• NREL invented a deep-green light-
emitting diode (LED) – the essential 
missing link to more natural and more 
efficient white light

• Deep-green LEDs are essential to 
developing  low-cost manufacturing 
processes for competitively priced, 
ultra-efficient lighting

BUILDINGS

Efficient Lighting
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WIND

• NREL’s fundamental research in airfoil designs, 
blade efficiency and simplified over-speed 
controls helped launch the wind industry

• Drivetrain and blade testing facilities improved 
turbine reliability and lowered costs

• Aerodynamic and structural mechanic models 
help guide industry product development

Airfoil and Turbine Research 
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BIOENERGY

• Cellulosic ethanol is an important renewable 
and low carbon emission component of U.S. 
transportation fuels.

• Ethanol price is tied to the cost of enzymes 
used to convert biomass into fermentable 
sugars

• HPC simulations advanced processes that 
enable ethanol production from cellulosic 
biomass at about $2.05 a gallon.

Lowering the Cost of Biofuels

7



NREL    |    8

Processor: Intel Xeon Gold 
Skylake 6154 (2/node)

GPUs: 100 NVIDIA Volta 
V100s (2/node, 50 nodes)

Nodes: 2,188

Memory/node: 96GB, 
192GB, or 768GB

Interconnect: EDR 
InfiniBand with 8D 
Advanced HyperCube

Data Storage: 16 PB ES14KX 
ExaScalar (Lustre)
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• Delivered September 4, 2019
• Passed acceptance testing 

(performance, functionality, and 
reliability) Oct 30, 2019.

• Initial users and ”Early Science” 
during December

• Production Use, January 2, 2019

9

Eagle
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National Scale Residential Building Energy Modeling
• Vast diversity in the age, size, construction practices, 

installed equipment, appliances, and resident behavior 
of the U.S. housing stock, plus range of climates.

• Eagle: NREL staff evaluated 23 more upgrade scenarios 
to be considered for each of 80M residential homes. 

• Better timeseries analysis will enable informing how 
building upgrades interact with the grid. 

POTENTIAL IMPACT
Upgrading homes 

economically can save 
4.2 quadrillion 

Btus/year or 4.3% of 
the U.S. total primary 
energy consumption.

Detailed energy simulation of 

the 80 million single family 

residential buildings in the US 

using 350 thousand 

archetypical models 

considering 23 upgrade 

scenarios for each building, 

totaling 8.4 million simulations.

ResStock
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POTENTIAL IMPACT
Reduce cost of biomass 
deconstruction, which 

currently constitutes up 
to 25% of biofuel 
production costs

Biomass Deconstruction Enzymes

Cel7A dissociation mechanism
• Cellulase enzymes deconstruct cellulose into soluble sugars

• Cel7A is the workhorse of industrial cellulase cocktails

• The rate-limiting step in Cel7A’s catalytic cycle is dissociation from

target of enzyme engineering efforts

• The mechanism of dissociation is unknown and unexamined to date

• Early Science results indicate that dissociation via “dethreading” is 4

orders of magnitude faster than “clamshell” mechanism (see Figure)

• Collaborators then verified our computational results experimentally

• Enzyme engineering efforts can now focus on making faster enzymes by

barriers identified via simulation

• Used 1050 Eagle nodes for 12 days

• Resulting publication:

Two candidate mechanisms for Cel7A dissociation from cellulose.

Dethreading postulates that the enzyme gradually slides off the

cellulose chain while its tunnel remains closed, whereas in the

clamshell mechanism, substrate-enclosing loops open to allow the

enzyme to transversely release the chain. Residues on substrate-

enclosing loops are colored yellow and green on opposing sides of

the tunnel; cellulose is shown in maroon surface representation.

The dissociation mechanism of processive cellulases

Josh V. Vermaas, Gregg T. Beckham, Michael F. 

Crowley, Brandon C. Knott (and collaborators) 

Proceedings of the National Academy of Sciences  

2019 116 (46) 23061-23067.



WIND PLANT MODELING

Blade-Resolved Simulations of Whole 
Wind Plants
• Developing predictive capability to better understand complex fluid flow 

in wind plants with complex terrain, focus on turbine-turbine impacts, 
and address wind plant energy losses

• Growing fleet requires advanced sensors and simulation for improved 
reliability and energy security

• Inaccurate forecasts cost the industry $300M+/yr
• Simulations of single blade-resolved turbine exceed current ESIF HPC 

capabilities

POTENTIAL IMPACT
Improve wind plant 

efficiency 4% to 
generate $1 billion in 

annual savings.

Wind simulation code 

development with ASCR 

support and coordinated 

with WETO HFM effort

NREL, SNL, ORNL, 

UT Austin
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Validation of blade-resolved simulation capability
• Chordwise pressure coefficients at 80% blade span for the 

NREL Phase-VI turbine showing agreement between 
simulation and experimental data collected in the NASA wind 
tunnel    (Used 500 Eagle nodes for 14 days).

• This critical advance allows blade designers to accurately 
model and optimize blade geometry for future load-reducing 
turbine blades 

POTENTIAL IMPACT
Accurately model and optimize 
blade geometry for future load-
reducing turbine blade designs

Eagle enables validation of 

single- and multiple-

turbine, blade-resolved 

simulation capability with 

Nalu-Wind for multiple 

wind speeds

Blade-resolved Turbine Simulations



“We’re moving into a 
world where we can …

analyze,
optimize
prophesize,
customize,
digitize and automate…”

Thomas Friedman, NY Times  August 2, 2017
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“Machines and software can analyze (see patterns that were 
previously hidden)”
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“Optimize (control traffic lights, route traffic for optimized transit time, 
decide when and where to charge EVs and at what price)”
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“Prophesize (when machinery will break & fix it before it does)”
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“Customize (tailor any product or service for you alone)” 
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“Digitize and automate just about any job” 19



Mobility is no longer just about the vehicle

20



21

Future mobility represents a complex systems 

optimization and grid integration challenge 21
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Transformative technologies

Autonomy
XFC &Wireless

charging

HPC,

Mathematics 
& Machine 

Learning
Connectivity

Big data/

analytics
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Transportation and 
Electricity Distribution 

System have largely been 
distinct…

• Electric vehicles & 
autonomous cars are 
becoming the new reality

• Industry is already rapidly 
advancing the “components”
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What’s the problem?
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Problem: Uncontrolled charging (XFC) can break the grid
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Create a better value proposition: 

intelligent charging, optimize grid and 

mobility performance.

• Develop integrated system view of mobility
– Efficiently get people, goods and services from 

where they are to where they need to be.

– Model and optimize the behaviors and 
infrastructure to keep the dream from becoming a 
night mare

• To address this emerging complex system 
integration and optimization challenge…

• Requires whole new levels of 
multidisciplinary collaboration.
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So how do we model such a 
complex system?
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Electricity 

Flow Model 27

Mobility Use 

Model

• Mobility and electricity 

networks are dynamic 

and are becoming 

interdependent

• Need a coupled 

simulation platform to 

model the integration of 

these domains

• New controls are 

needed to manage and 

optimize highly 

distributed systems

Integrating Complex Systems
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So how do we control such a 
complex system?
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Advanced Distribution System Management (ADSM)

Distributed

Control and 

Optimization
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Integrated Mobility

• Simulation – co-simulate large city transportation 
patterns, charging, and electricity flows

• Characterization – validate and model XFC

• Central Control – demonstrate local optimization 
with control of XFC integrated with ADMS

• Autonomous Control – develop model of large-scale 
deployment of XFC in city-sized simulation
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Final Thoughts
Rapid advances in compute power, networking, storage, machine 
learning, automation, sensors, etc.  are transforming the world as 
we know it.

Creates new opportunities  … to develop grid integrated mobility 
that fundamentally changes the way that people, goods, and 
services get to where they need to be in a timely, efficient manner.  

Integrated multi-disciplinary teams are essential.
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