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“Addressing the challenges of creating
cleaner, more reliable, and more
affordable energy systems will require
collaboration on an unprecedented
scale. The ESIF was designed to be
a connection point where industry,
academia, and government could work
together on this most complex and
important global challenge of our time.
So think big, think broadly, and think
boldly: bring us your biggest energy
challenges, and let’s solve

them together.”

-Bryan Hannegan, Associate Laboratory

Director for Energy Systems Integration
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BRING US YOUR CHALLENGES

The Energy Systems Integration Facility (ESIF) is the nation’s
premier facility for research, development, and demonstration

of the components and strategies needed to optimize our entire
energy system. It was established in 2013 by the U.S. Department
of Energy (DOE), Office of Energy Efficiency and Renewable
Energy, on the campus of its National Renewable Energy
Laboratory (NREL), and is a designated DOE user facility.

Since our inception two years ago, the ESIF team and our more
than 100 industry and academic partners have tackled the
biggest challenges facing the nation’s energy system. How

do we incorporate new technologies into our existing energy
infrastructure? How do we operate a system with higher levels
of variable supply and demand? How do we keep the lights on
and the fuel flowing in a world of extreme weather events, cyber
threats, and aging infrastructure? And how do we fashion new
business models, regulatory frameworks, and value propositions
for consumers in this changing world?

This second ESIF Annual Report documents the great progress we
have made in using the unique capabilities at the ESIF to explore
the integration of solar and wind technologies into the electric
grid using advanced power electronics. We have also continued
to expand the ESIF’s capabilities with regard to hydrogen
production, storage, and fueling, including the first high-altitude,
high-pressure fueling station for fuel cell vehicles installed at the
ESIF this year. Our work on microgrids and energy storage is
helping military bases, communities, and industrial complexes
improve their resilience and increase their sustainability. And, in
the last year, we deployed new capabilities at the ESIF to develop
and validate advanced distribution management systems, and
explore the cyber and physical security issues associated with
emerging grid technologies.

In the past year, NREL has not only expanded its capabilities at
the ESIF, but has also established a connection to enable joint
research activities between the ESIF and the test transmission grid
at Idaho National Laboratory, the bulk power system operations

center at the Pacific Northwest National Laboratory, and NREL's

National Wind Technology Center (NWTC). In particular, the
NWTC at NREL offers similar integration capabilities to the ESIF,
but at a larger 1-10 MW scale that goes beyond the physical
limitations of the ESIF. This combination of national laboratory
capabilities is a key element of the Grid Modernization Laboratory
Consortium, providing the tools and knowledge needed for our
partners to transform their energy systems at a pace and scale
that matters for U.S. and global economic growth, environmental

quality, and national security objectives.

As the world accelerates its move toward clean energy systems,
there is much more work to be done “beyond the grid” with
respect to thermal energy, fuels supply, and water and wastewater
systems. For example, integrating thermal sources with electric
grids can provide new options to make the best use of variable
renewable energy sources at times when on-site production
exceeds the local demand. Similarly, water technologies for
pumping and treatment can serve as controllable loads, adding
new flexibility to electric grids impacted by high penetrations of
variable renewables. In the coming year, we will expand on our
firm foundation in electric grids to address the modernization of
the broader energy system.

Addressing the challenges of creating cleaner, more reliable, and
more affordable energy systems will require collaboration on an
unprecedented scale. The ESIF was designed to be a connection
point where industry, academia, and government could work
together on this most complex and important global challenge
of our time. So think big, think broadly, and think boldly: bring us

your biggest energy challenges, and let’s solve them together.

Sincerely,

T —

Bryan Hannegan
Associate Laboratory Director for Energy Systems
Integration at NREL
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PV, Wind, & Advanced Inverters

Project Spotlight

NREL Teams with SolarCity and HECO to Maximize Solar
Power on Hawaiian Electric Grids

Hawaii has some of the highest penetrations of rooftop solar in the country—11%
according to the Solar Electric Power Association, compared to a national average of
0.5%. As the number of rooftop solar systems grew in Hawaii, the Hawaiian Electric
Company (HECO) became concerned that all of this distributed photovoltaic (PV)
energy could create instability or damaging conditions, leading HECO to halt new PV
interconnections.

One of HECO’s main concerns was spikes in voltage called load rejection overvoltage
(LRO) that can occur at the customer site. In theory, the new generation of smart
inverters should be able to react quickly to mitigate the harmful effect of LRO.
However, no comprehensive LRO test had yet been performed with advanced
inverters to prove this.

To better understand the capabilities of advanced PV inverters, HECO partnered with
SolarCity and NREL to run a series of tests to measure the magnitude and duration of
LRO events and demonstrate the inverters’ ability to mitigate their impact. LRO tests
were completed at the ESIF on five commercially available advanced inverters ranging
in size from 3 kW to 12 kW and included single-phase inverters, three-phase string
inverters, and micro inverters.

Continued on page 8

“We know how important

the option of solar is for our
customers. Solving these issues
requires that everyone—utilities,
the solar industry, and other
leading technical experts like
NREL—work together. That’s
what this work is all about. With
the highest amount of solar in
the nation, our utilities are facing
potential reliability and safety
issues before anywhere else.”

- Colton Ching, Vice President
for Energy Delivery, Hawaiian
Electric Company

Project Impact

Waiting customers connected.
Based on the results of this work,
HECO cleared the queue of

some 2,500 customers waiting to
connect their PV systems to

the grid.

Ceiling for solar power in
Hawaii raised.

Limits on distributed solar power
were more than doubled from
120% of minimum daytime load
to 250%.

Interconnection standards
and codes changed.

NREL researchers helped to
update IEEE 1547 and UL 1741
to standardize inverter testing

protocols and procedures for

advanced inverter functionalities.



Project Spotlight continued from page 6

Results of this testing showed that the maximum overvoltage levels and
durations did not exceed acceptable limits in any test and were typically
well below the maximum. This demonstrated that with advanced inverter
technology, overvoltages were not as big of a risk as utilities feared and
allowed HECO to start connecting waiting customers’ PV systems.

Testing continues at the ESIF to better understand how advanced inverters
affect dynamics such as voltage regulation and multi-inverter unintentional
islanding. This research is supported by the Office of Energy Efficiency and
Renewable Energy’s and DOE’s Grid Modernization Initiative. Funding was
equally shared between SolarCity and DOE’s SunShot Initiative.

Project Highlights

Arizona Public Service

Researchers at NREL developed software tool kits and provided training to
Arizona Public Service engineers to help them better predict, plan for, and
mitigate the effects of high penetrations of PV on their distribution feeders.

Google
Inverter testing at the ESIF has begun for Google’s Little Box Challenge, a

competition offering $1 million to the team that can build the best kilowatt-scale

PV inverter with a power density greater than 50 W/in.%. NREL is supporting
Google and the IEEE Power Electronics Society on this project.

New Tools

Rooftop Solar Resource Monitoring System Upgrades

These upgrades add additional measurement capability to existing monitoring stations.
New data available include plane-of-array irradiance, latitude-tilt irradiance, back-of-
panel PV temperature, ambient temperature, and relative humidity. Data are taken every
second with a silicon diode pyranometer.

New Resources

PV Integration Handbook

In collaboration with Southern California Edison, Electrical Distribution Design, and
Quanta Technology, NREL researchers have produced a handbook to help distribution
engineers facing the challenge of high-penetration PV integration for the first time.
Funding for this project was provided by DOE’s SunShot initiative. Download the
handbook at http:/www.nrel.gov/docs/fy160sti/63114.pdf.

Western Wind and Solar Integration Study: Part 3

This report covers the third phase of the Western Wind and Solar Integration Study,
one of the largest regional solar and wind studies to date. The study found that with
good system planning, sound engineering practices, and commercially available
technologies, the Western Interconnection can withstand the crucial first minute after
grid disturbances with high penetrations of wind and solar on the grid. Download the
study at http://www.nrel.gov/docs/fy160sti/64822.pdf.

National Solar Radiation Database Update

The National Solar Radiation Database (NSRDB) is a serially complete collection of
meteorological and solar irradiance data sets. The data are publicly available and

provide foundational information to help solar system designers, building architects and
engineers, renewable energy analysts, and many others to improve and expand solar
energy technologies. In this new update, the NSRDB changed from using mainly empirical
modeling and data collected at stations to using a physics-based modeling approach
called the Physical Solar Model. Download data at https:/nsrdb.nrel.gov/.


http://www.nrel.gov/docs/fy16osti/63114.pdf.
http://www.nrel.gov/docs/fy16osti/64822.pdf.
https://nsrdb.nrel.gov/.
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Hydrogen, Fuel Cells, &
Electric Vehicles

Project Spotlight

NREL Launches Integrated Production-to-Dispensing
Hydrogen Infrastructure at the ESIF

Commercially available fuel cell electric vehicles (FCEVs) from Toyota, Hyundai,
General Motors, Honda, Daimler AG, and others are being sold or leased to early
adopters in a few U.S. states—most notably California. To help address the challenges
of building a hydrogen refueling infrastructure nationally and accelerate deployment,
NREL has added new tools at the ESIF and forged new industry partnerships.

The new tools include an electrolyzer stack test bed (up to 1 MW); multiple hydrogen
compression and storage stages; a state-of-the-art hydrogen vehicle fueling station
with precooling; two high-pressure, low-temperature (up to 875 bar, down to -40°C)
hydrogen component test beds; and a six-axis robot being used for hydrogen fueling
hose reliability testing.

All of this equipment is designed to work seamlessly in various test configurations
with data monitoring while providing fuel-cell-quality hydrogen to the rest of the ESIF
labs for accelerated component-level testing, R&D, and FCEV fueling. This integrated
system covers all aspects of a hydrogen economy—from renewable hydrogen

Continued on page 12

“Our new commercial products,
developed for mobility and
renewable energy applications,
require specialized test beds and
high electrical energy sources for
evaluation. NREL, along with their
expert staff, delivered both. NREL
assembled the required test bed
in a short period of time. The staff
was proficient and very capable
on conducting the requested test.
As a small company, it is difficult
to build the required infrastructure
needed to evaluate high-energy
products. The value provided by
NREL was performed at a very
justifiable cost.”

- Monjid Hamdan,
Engineering Director, Giner, Inc.

Project Impact

H2FIRST-developed HyStEP device to cut
station prep time from six weeks to one.
The HyStEP device, developed through
H2FIRST, is intended to check the safety of
fueling stations to ensure that the amount
of heat generated doesn’t exceed safe

limits. Findings are shared with all car
manufacturers instead of each company
having to separately certify a station. That’s
expected to shorten the time it takes for

a station to be ready for customers from
about six weeks to one.

NREL tools positioned to complement,
not compete with existing resources.
“NREL (has) capabilities that in a lot of
ways are ahead of the curve. As a car
manufacturer, | want to concentrate

on vehicle engineering and powertrain

engineering, and have the ability to do that.

But | don’t necessarily want to test the hose
on a hydrogen station. That’s out of my
domain.” - Tim McGuire, Project Manager,
Mercedes-Benz Research and Development

North America.
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Project Spotlight continued from page 10

production to its use in fuel cells—making it the most advanced and highly
instrumented hydrogen technology testing facility in the world.

FCEV manufacturers are already taking advantage of these advanced new
tools. Toyota’s Mirai and Highlander, Mercedes-Benz's B-Class F-CELL,

and Hyundai’s Tucson Fuel Cell currently comprise a fleet of five vehicles
used on and around the NREL campus to support infrastructure testing
and evaluation at NREL. Research ranges from technical challenges such
as testing new hydrogen fueling methods to outreach, education, and
improving user experience at hydrogen fueling stations. Materials research
on critical fuel cell components such as membrane electrode assembly
(MEA) is ongoing with partner General Motors.

On the hydrogen production side, NREL is working with partners Giner,
Proton OnSite, and Southern California Gas Company on the concept

of power-to-gas. These companies are investigating ways of optimizing
hydrogen production with the electric grid to produce natural gas, which
would enable greater penetrations of renewable energy.

NREL is also colead with Sandia National Laboratories on H2FIRST—a
collaboration among national laboratories and public and private partners.
H2FIRST is aimed at making the fueling experience for FCEVs equivalent to
or better than that of gasoline cars. Fiscal Year 2015 achievements include
the publication of a reference document exploring the pros and cons of
different hydrogen station designs, a gap analysis between industry needs
and commercial-off-the-shelf detector capabilities for inline hydrogen
contaminant detectors, and the development of the Hydrogen Station
Equipment Performance (HyStEP) device for the acceleration of commercial
hydrogen station acceptance.

IRDIM
oAk $88 85588

Project Highlights

Giner Large-Scale Hydrogen PEM Electrolyzer

Giner collaborated with NREL to test large-scale polymer electrolyte
membrane (PEM) electrolyzer stacks designed to maximize renewable
energy on the grid by converting it to hydrogen when supply exceeds
demand. Researchers validated the electrolyzer stack’s performance to
demonstrate the capability of this growing technology to provide grid
services, energy storage, and emissions-free transportation fuel for FCEVs.

PG&E Plug-in Hybrid Electric Utility Truck

NREL performed testing and analysis on a Pacific Gas and Electric (PG&E)
plug-in hybrid electric utility truck developed by Efficient Drivetrains, Inc.,
that has approximately 30 miles of all-electric range and is capable of
exporting up to 120 kW of AC power to the grid. Using the ESIF’s drive-in
thermal chamber and research utility system, NREL researchers conducted
testing and analysis to improve understanding of the truck’s export power
mode and onboard thermal control under a variety of environmental
conditions.

Southern California Gas Company Power-to-Gas Project
NREL is collaborating with Southern California Gas Company, electrolyzer
manufacturer Proton OnSite, and the National Fuel Cell Research Center at
the University of California, Irvine to demonstrate a power-to-gas energy
storage system concept—the first of its kind in the United States. The
technology converts electricity into hydrogen and then combines hydrogen
with carbon dioxide to produce methane. This approach could provide North
America with a large-scale, cost-effective solution for storing excess energy
produced from renewable sources.

[13]



New Tools

Electrolyzer Stack Test Bed

NREL designed, built, and now operates an electrolyzer
stack test bed that provides on-site hydrogen production
for fuel cell labs, hydrogen component testing research, and
fuel cell electric vehicle refueling. The test bed was designed
for hydrogen production in the range of 100 kg per day. It is
already operating at approximately half that capacity with a
Proton OnSite 120-kW PEM stack.

Hydrogen Vehicle Fueling Station

NREL designed, built, and commissioned a dual-pressure
(350/700-bar) hydrogen fueling system. The system
compresses and stores hydrogen fed from the electrolyzer
stack test bed up to 400 bar (80 kg capacity at 6,000 psig).
Another compression stage can then elevate the pressure to
875 bar (60 kg capacity at approximately 13,000 psig), where
it is stored for vehicle refueling. The fueling system precools
the hydrogen gas to refuel a vehicle in approximately 3-5

minutes.

Hydrogen Component Test Beds

NREL has successfully employed two high-pressure hydrogen
test bays for the first time. The test bays can accommodate
research and development of hydrogen components at

up to approximately 13,000 psig. One of the test beds
includes thermal cycling to simulate ambient temperature
fluctuations. The other one features low-temperature (-40°C)
cooling of the hydrogen gas to simulate real-life component
stresses associated with hydrogen refueling.

New Resources

Online Fuel Cell Contaminants Tool

Balance of plant plastic materials can create contamination

in fuel cell systems that directly affect FCEV performance.
NREL researchers have examined the relevant materials and
contaminants and developed an easy-to-use online tool to
help system developers choose the cleanest material for their
application. The online tool is publicly available at
http://www.nrel.gov/hydrogen/system_contaminants_

data/.
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http://www.nrel.gov/hydrogen/system_contaminants_data/
http://www.nrel.gov/hydrogen/system_contaminants_data/
http://www.nrel.gov/hydrogen/system_contaminants_data/
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Energy Storage & Microgrids
Project Spotlight

Raytheon and NREL Demonstrate a Microgrid Powered by Solar
Energy and Batteries

Cities, utilities, businesses, universities, and the U.S. military are turning to microgrids
for supplemental and backup power. This is because microgrids offer the flexibility,
quick response and control, and security that the larger grid can’t. They also respond
to customers’ desire for more local control of their energy and a greater percentage of
renewables powering their homes and businesses.

While microgrids offer big advantages in security and emergency power, earlier
versions were not always efficient, often relying heavily on diesel generators or

other fossil fuels for power. In a first-of-its-kind demonstration, NREL partnered with
Raytheon Company, Primus Power, and Advanced Energy to successfully demonstrate
an advanced microgrid system that draws 100% of its power from solar energy and
batteries. The demonstration will lead to a pilot system to be installed at the Marine
Corps Air Station (MCAS) Miramar designed to power one building for at least 72 hours.

To prove the concept, NREL provided a test environment in the ESIF for Raytheon’s
microgrid power and control system that closely reflected the planned real-world
installation at MCAS Miramar. ESIF engineers mimicked the planned microgrid using a
grid simulator, DC power supplies to simulate the PV system and the battery storage
system, and a “load bank” that can simulate up to 200 kW of electricity use, equal to
about 20 U.S. homes.

Continued on page 18

“The results of the work being
accomplished in the ESIF
laboratory are truly amazing,
and representing MCAS Miramar,
| can honestly say that it has
accomplished a huge amount

of risk mitigation for when

(the microgrid) gets installed

on base. As | said in the lab,
seeing a completely renewable
energy system, that scale and
complexity, island and perform
as envisioned was the most fun
I’'ve ever had at work. It truly felt
like history in the making.”

- Mick Wasco, PE, CEM,
Installation Energy Manager,
Marine Corps Air Station
(MCAS) Miramar

Project Impact

Microgrid

components improved.

Test results led to the refinement
of the battery DC power guality,
optimization of the use of solar

power, and enhancements to the

microgrid controller.

Risks of deployment reduced.

By testing the microgrid at full
power and actual load levels,
problems could be identified early,
allowing project partners to make
adjustments before the microgrid
is implemented in the field.

100% PV penetration
demonstrated on a microgrid.
The demonstration proved that
an energy storage system-driven
microgrid with conventional PV
inverters can achieve 100% PV
penetration while retaining the

power quality needed to satisfy

critical facility loads.
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Project Spotlight continued from page 16

Using this setup, NREL was able to simulate the battery working at full
power, replicate a variable solar energy supply over time, and re-create the
loads on the system based on the actual loads measured at MCAS Miramar.
The simulated microgrid was tested in both grid-connected and off-grid or
“islanded” modes, and the efficacy of the microgrid controller was evaluated
in managing PV output power and battery charging and discharging to
maximize the use of solar power.

Project Highlights

Erigo and EaglePicher Microgrid Energy Storage System
NREL researchers are helping to test an energy storage system developed by
Erigo and EaglePicher and sponsored by U.S. Northern Command that contains
three independently controllable energy storage technologies. The system will
be integrated into microgrid applications and other scenarios a military base
might encounter.

Energy Storage Evaluation Tools for SDG&E

NREL is building research and testing tools to support evaluating energy
storage installations in San Diego Gas & Electric (SDG&E) territory. The tools are
developed to identify an optimal dispatch strategy to operate energy storage,
analyze the technical impact on the feeders, and calculate the associated
cost-benefit of energy storage on SDG&E distribution feeders. A cost-benefit/
alternatives analysis and a cost-benefit tool were developed to evaluate existing
and future battery energy storage systems on SDG&E’s distribution feeders.
NREL also developed a hardware-in-the-loop test bed for energy storage testing
at the ESIF and tested use cases, developed a standard procedure for battery
storage performance testing, and is establishing a virtual connection between
the Real Time Digital Simulator (RTDS) at NREL’s ESIF facility and the RTDS

at SDG&E’s Integrated Test Facility, enabling integrated experiments for future
SDG&E needs.

New Tools

Cyber-Physical Microgrid Testing Platform

As part of a Laboratory Directed Research and Development project, researchers

at NREL have demonstrated a cyber-physical microgrid testing platform. Real-time
communications are essential to microgrid operations and can affect the performance
of microgrid hardware. The ESIF is able to add an important communications layer
that connects real computers and virtual hosts to the hardware or technology under
test. This makes it possible to test not only factors such as microgrid power quality,
system stability, and load management but also communications protocols, latency
and bandwidth requirements, and data management to obtain a complete picture of
the microgrid’s performance.




New Resources

PV-Coupled Energy Storage Modeling

Modeling the behavior of PV-coupled energy storage can be complex given the
interplay among short- and long-term battery performance and degradation, solar
generation, complex utility tariff structures, incentives, and costs. NREL’s System
Advisor Model (SAM) team, in conjunction with energy storage experts in the ESIF,
developed a detailed PV-coupled battery energy storage model that can accurately
predict the voltage, capacity, thermal, and long-term degradation behavior of lead
acid and lithium-ion battery systems. Leveraging SAM’s built-in detailed PV models
and comprehensive financial models, with the addition of a feature to run the model
at I-minute time steps throughout the 30-year potential lifetime of a system, users
can now evaluate both performance issues as well as the resulting economic viability
of behind-the-meter energy storage. Complex issues such as battery replacement
costs incurred due to heavy cycling are fully captured in the model at a level of detail
not previously possible with other optimization tools. Technical reports are available
at http://www.nrel.gov/docs/fy150sti/64641.pdf and http:/www.nrel.gov/docs/
fyl60sti/64987.pdf. SAM can be downloaded for free at https:/sam.nrel.gov/.

Microgrid Controls and Management Systems Workshop
NREL's Energy Systems Integration (ESI) team held a workshop on microgrid

controls and management systems on July 9 that included speakers and attendees
from utilities, manufacturers, academia, and other national labs. The workshop

was part of an Advanced Grid Control Technologies Workshop Series and featured
perspectives from microgrid owners on implementing and operating microgrids
and perspectives from microgrid vendors on advancements in microgrid controls
and management system technology. More than 35 people attended the event, with
many attendees participating in a tour of the ESIF on July 8. Presentations from this
workshop are available at http:/www.nrel.gov/esi/agct_workshops.html.
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Project Spotlight

Duke Energy, GE, and NREL Test the Voltage Control of
Smart Inverters Using Modeled North Carolina Distribution
Feeder and Alstom DMS as a Testing Tool

Solar is booming in North Carolina. The state currently ranks fourth in the country

in installed solar capacity, outpacing states several times its size. What makes North
Carolina different from other leading solar states such as Hawaii is that this new solar
capacity isn’t on rooftops. According to the Solar Energy Industries Association,
more than 98% of the solar electric capacity installed in North Carolina in 2014 was
utility scale.

Integrating such high penetrations of utility-scale solar into distribution grids can
present voltage regulation challenges for utilities. Duke Energy, the primary utility for
North Carolina, wanted to compare how the advanced inverters working autonomously
or in conjunction with their existing distribution management system (DMS) could help.
Duke Energy partnered with NREL and DMS vendor General Electric (GE) Grid Solutions
(formerly Alstom Grid) to better understand these voltage interactions through
simulation, visualization, and hardware testing.

For this research, Duke Energy provided data for a rural distribution circuit that already
has a 5-MW solar PV system located two miles from the substation. The data included
the technical details of the network along with one year of power, voltage, and current
measurements taken every minute from the substation and PV system. With this
information, NREL and GE modeled the Duke Energy feeder and simulated future

Continued on page 24

1.05 —

0.95 |
4

“Utilities cannot afford to build all
the equipment and infrastructure
needed to test emerging grid
technologies. Using a facility

like the ESIF not only makes

this research financially feasible,
but the collaboration between
partners helps all of us learn.”

- Leslie Ponder, Technology
Evaluation Manager,
Duke Energy

Project Impact

A commercial DMS is used as a simulation and

research tool.

Until recently, a DMS controlled only utility equipment, not
assets such as solar PV and inverters that the utility may or
may not own. Smart inverters’ two-way communications
capabilities changed that dynamic, and new DMS features
allow for both control and testing within the operations
platform. This project is one of the first of its kind to explore
PV voltage control questions using a commercial DMS as a
research tool.

DMS linked with power-hardware-in-the-loop.

Using the commercial DMS package for simulation also
paved the way for linking the DMS to power hardware-in-
the-loop (PHIL) testing at the ESIF of both a utility-scale

PV inverter and medium-voltage capacitor bank. This co-
simulation setup allows the hardware to interact in real time
with larger grid conditions simulated by the DMS package
and for the DMS to send SCADA control signals to the actual
hardware, providing a test bed for advanced DMS functions.

Partnership among utility, vendor, and NREL proves to

be model for effective collaboration.

By bringing together insights, data, and tools from all
parties, the research impact is broader. This work is helping
to gain a complete understanding of how the grid functions
under high PV penetrations.
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Project Spotlight continued from page 22

operations on the same GE DMS used by Duke Energy for daily operations
run in testing mode at faster-than-real-time speeds.

These simulations are allowing the team to compare and contrast three
classes of operating modes: with a conventional inverter (for a baseline),
with a smart inverter providing local voltage control, and with smart
inverters coordinated by the DMS to optimize voltage control using a
combination of existing utility resources and advanced PV inverters.

Project Highlights

Distributed Energy Resource Management System

NREL partnered with the Electric Power Research Institute (EPRI) to develop

a distributed energy resource management system that would allow
distributed energy resources (DER) to “talk” to other systems or entities,
providing information about demand, supply, and use of electricity. The
research and development effort was the culmination of several years of
coordinated work with numerous industry stakeholders and builds on the
original development of smart inverter standards.

Integrated Energy System Model

NREL researchers have developed the integrated energy system model

(IESM) co-simulation platform—a tool that simulates residential power use,

distributed generation, energy management systems, distribution feeders,
and the impacts of retail electricity tariffs on them. Using the ESIF’s high-
performance computing (HPC) capability, the model was used to simulate
a distribution feeder with 500 simulated homes equipped with home
energy management systems (HEMS) under time-of-use rates. Using the
ESIF’s hardware-in-the-loop capability, the performance of a house and
air-conditioning system was validated. This model opens up new testing

opportunities that would allow utilities to refine rate structures to understand the
impacts of energy management systems on loads. It would also provide customer-
use insights for HEMS manufacturers to optimize the performance of these devices
around energy pricing.

Cybersecurity Test Bed

A new initiative underway at NREL is helping to prevent hackers from gaining
control of parts of the nation’s power grid. A team of NREL researchers and leading
cybersecurity vendors designed and built the Test Bed for Secure Distributed
Management—a hardware and software system that mimics the communications,
power systems, and cybersecurity layers for a utility’s distribution system. The team
then attacked the test bed to figure out what cybersecurity protection methods
worked or didn’t work. The project has successfully completed five distribution grid
management use cases involving the test bed: auto-sectionalizing and restoration,
volt-VAR optimization, direct response with elecric vehicles (EVs), PV smoothing
with storage, and frequency regulation with storage. While the cybersecurity test
bed was designed for power distribution grids, it can also be applied to other
online energy devices, such as electric vehicles, wind turbines, home energy
networks, thermostats, and demand response systems.

New Tools

AMETEK AC/DC High Power Source

NREL has acquired a second AC/DC regenerative power source from AMETEK.
When installed in parallel with existing California Instruments RS Series units at the
ESIF, the new system is the largest known AC grid simulator in the world with the
bandwidth and modularity of the RS system. The AMETEK grid simulator is used
as the power amplifier for megawatt-scale PHIL testing at the ESIF, which allows
researchers and manufacturers to test new energy technologies at full power in
real-time simulations—safely evaluating component and system performance and
reliability before going to market.

125



Medium-Voltage Utility Poles

Two new medium-voltage utility poles have been installed in the ESIF’s
medium-voltage outdoor test area. The new poles will allow the connection of
pole-mounted utility hardware, such as medium-voltage capacitor banks and
transformers. The poles include built-in data acquisition and can be connected
to the Research Electrical Distribution Bus for real-time hardware-in-the-loop
experiments.

New Resources

Advanced Distribution Management
Systems Workshop

NREL’s ESI team held a workshop on Advanced Distribution Management
Systems (ADMS) on July 7 that included speakers and attendees from utilities,
manufacturers, academia, and other national labs. The workshop was part of an
Advanced Grid Control Technologies Workshop Series and featured presentations
from early ADMS adopters and leading utilities on how they use and calculate
return on investment for advanced applications on their DMS. More than 35 people
attended the event, with many attendees participating in a tour of the ESIF on
July 8. Presentations from this workshop are available at http:/www.nrel.gov/esi/
agct_workshops.html.

“NREL’s ESI team provided the coordination and facilities to perform
meaningful cybersecurity tests in a live distributed grid environment.
This was all accomplished working with multiple vendors, integrators,
and a very condensed schedule. The experience and exposure has
been invaluable to BlackRidge Technology. The lessons we learned,
along with the other cybersecurity vendors, will provide a blueprint
for others in the industry, saving testing time and costs, and will allow
us all to better protect the nation’s distribution grid infrastructure.”

- John Thuotte, Project Manager, BlackRidge Technology
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Project Spotlight

NREL Uses HPC to Model World’s Largest Power System

Just how big is the North American power grid’s Eastern Interconnection? The
network spans the eastern half of the continent, serving the energy needs of 70%

of all U.S. load, more than 240 million people. The system includes more than

7,000 generators connected to more than 50,000 transmissions lines. In short, it’s
huge, and simulating the entire system at high resolution for an entire year had never
been attempted.

The need for a reliable model, however, was growing increasingly important. With
renewable energy generation ramping up across the United States, answering

the “how” and “how much” questions around integrating higher penetrations of
renewables was dependent on a model to examine scenarios. To start to answer these
questions, NREL convened a technical review committee of experts to work on the
Eastern Renewable Generation Integration Study (ERGIS).

ERGIS is a multiyear, multiprogram-funded project aimed at understanding the
operational impacts of high penetrations of wind and solar generation on the Eastern
Interconnection by providing the highest temporal and spatial resolution modeling
and analysis of the interconnection ever done. Even with NREL’s HPC to shoulder the
computational burden, the mathematical challenges associated with a model this
complex required new tools and solutions.

Continued on page 30

“The ESIF’s computational and
visualization facilities made it
possible for NREL to conduct
the most advanced wind and
solar integration study in the
world. These facilities were
used to run numerical weather
models, simulate power system
operations, and analyze and
communicate findings. Without
access to these facilities, it

would not have been feasible to
conduct rigorous analyses of the
5-minute operation of the largest
power system in the world in

the presence of hundreds of
gigawatts of wind and solar
generation.”

- Aaron Bloom, Senior Project
Manager, NREL

""“ |

Project Impact

Data sets, models, and computational
solutions developed by NREL for ERGIS
provide springboard for future research.
Completing this complex integration study has
produced innovative tools and knowledge that
can be leveraged on future projects.

Results show that integrating large amounts
of renewable energy into the Eastern
Interconnection is technically feasible

while meeting system demands.

A full report and analysis will be available in the
summer of 2016. For more information on this
project, visit http: w.nrel.gov/electricity/

transmission/eastern_renewable.html.

ERGIS report begins to answer “how” and
“how much” questions for integrating high
penetrations of renewables.

The report not only demonstrates that the grid
can handle high penetrations of renewables but

also identifies the pathways to make it happen

and challenges associated with each pathway.
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Project Spotlight continued from page 28

One of the bigger challenges to creating this model was to make the solve
time manageable without compromising resolution. The complexity of

the model run at the required resolution put initial solve-time estimates to
simulate one year of operations at more than 500 days. Because one day’s
solution depended on the solution for the previous day or days, there was no
obvious way to solve for multiple time intervals in parallel.

The novel solution that NREL researchers developed was to break the
simulation into 73 intervals and overlap the first two days between each time
period (the amount of overlap required to minimize the error introduced

by partitioning). This allowed researchers to capture sufficient information
to establish operational history and made it possible to run the simulations
in parallel on separate nodes while retaining accuracy. Using this approach

reduced the solve time to only 19 days.

During FY15, Peregrine supported 51 research and
development projects involving modeling and
simulation across nine Office of Energy Efficiency and
Renewable Energy offices and programs. Peregrine

sustained an average use of 83%.
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Awards

ESIF Data Center Garners 2014 DOE Sustainability Award
Peregrine—the ultraefficient HPC in the ESIF—was recognized by DOE with a 2014
Sustainability Award for its novel approach to energy reduction. The ESIF HPC
developed by Hewlett-Packard features a chiller-less design, warm-water liquid
cooling, an annual average power usage effectiveness (PUE) of 1.06, and waste
heat capture and reuse—making it the world’s most energy-efficient data center.

Top Honors Go to NREL Supercomputing Achievements

NREL and Texas Advanced Computing Center at the University of Texas at Austin
received the HPCwire 2014 Editors’ Choice Award for Top Supercomputing
Achievement for groundbreaking research in converting biomass to biofuels. This
is significant because although NREL’s new facility and HPC system have been
recognized for their advances in energy efficiency, this HPCwire award recognizes
how these HPC resources are being used to advance important areas of science
and technology.

“Use of NREL’s HPC system Peregrine has been important to
our efforts to develop high power laser tools as we iterate
designs with both field test and computing simulation data.”

- Dr. Joel Moxley, Founder and EVP Business Development,
Foro Energy
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Project Highlights

Abengoa Optimizes a New Assembly Method
for Concentrating Solar Power Parabolic

Troughs at the ESIF’s Insight Center

NREL is collaborating with Abengoa at the ESIF to develop
a new, more cost-effective manufacturing process for critical
components of concentrating solar power systems. Abengoa
researchers were able to model their assembly method
design in the ESIF’s Insight Center using three-dimensional
visualization to allow engineers to see and interact with
their CAD models at a 1:1 scale. With an immersive virtual
environment like the Insight Center, engineers are able to
work within their design at full scale before the prototype
stage, which allows them to identify and eliminate design
flaws earlier.

New Tools

Peregrine Doubles in Size

In response to continued high demand for computational
resources, Peregrine has expanded to have an additional
1,152 nodes, each of which will have two of the new Intel
E5-2670v3 Xeon “Haswell-EP” processor chips and 64 GB
of memory. These new nodes will bring the aggregate peak
performance of Peregrine to 2.2 PetaFLOPS. The new nodes
have been integrated into the system’s high-speed Inifiniband
network as two 576-node “scalable units,” which increased
the maximum number of CPU cores that a single job can
use from 6,912 cores to 13,824 cores. This expansion nearly
doubles the number of node hours available for project
allocations.

ESIF Research Data Service Comes Online

The new ESIF Research Data Service, designed and
implemented in FY 2015, is an integrated collection of
scalable data management clusters, databases, and
applications that make it possible to seamlessly access ESIF
experimental data, modeling, and simulation data; the HPC;
and the Insight Center. Recent accomplishments include real-
time data services for hardware-in-the-loop experiments and
a Big Data Time Series cluster that collects and provides fast
access to billions of metering data points.




3M*

Abengoa Solar

ACCIONA Solar

AccuFlux

Advanced Energy Industries

AirGenerate

Albeado

American Vanadium

Aquahydrex Pty Ltd.

Arizona Public Service

Asetek

AutoPort

BlackRidge

Bonneville Power Administration

Boreas Group

Bosch

California Energy Commission

Case Western Reserve University

CellEra

ClipperCreek

Clemson University

Colorado School of Mines*

CPS Energy

CSIRO*

DC Systems

Denver Water

Duke Energy*

EaglePicher Technologies

ElementOne, Inc.

EPRI*

NREL continues to forge new partnerships across industry, academia, and government to leverage the expert staff
and exceptional resources that the ESIF offers. Below are partners with active agreements in FY 2015.

Electric Reliability Council of
Texas

Emerson

Energy Exemplar

Enphase Energy

Erigo

FireEye

Florida Power & Light

Fronius

GE*

General Motors

Giner, Inc.*

Google*

Hawaiian Electric Company

HOUZE*

Ingersoll Rand
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Intwine

Irradiance

KPA

Lake Benton Power Partners
Leclanché

Mercedes-Benz USA

MidAmerican Energy Company
N-Dimension

NanoSonic

Nebland Software

Netherlands Enterprise Agency (RVO)
New Jersey Institute of Technology
NRG Energy

Ohio Fuel Cell Coalition

Omnetric Group

Pacific Gas and Electric

Parker Hannifin Corp.*

PDC Machines, Inc.

Pecan Street Research Institute
Pentair

PowerHub Systems

Proton OnSite

Raytheon*

Sandia National Laboratories

San Diego Gas & Electric*

Schneider Electric

Scitor

SeclLab

Smarter Grid Solutions

SolarCity

Solectria Renewables*

Southern California Edison

Southern California Gas Company

Spectrum Automation Controls*

Strategic Analysis, Inc.

SunPower

Synopsys

Technical University of Denmark

Tendril

The Babcock and Wilcox Company

Toyota North America*

TransPower

U.S. Navy

University of Arizona

University of California, Irvine

University of Central Florida

University of Colorado, Boulder*

University of Delaware

University of Denver

University of Oregon

University of Texas at San Antonio

University of Wisconsin

ViaSat

WEB Aruba N.V.

Whisker Labs

Wyle

* These partners have more than
one project.
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NEW CONNECTIONS

Real-time links were established between the ESIF and other testing facilities within the DOE’s national lab complex,

multiplying research power and optimizing the use of equipment and resources. These achievements open the door
for software and equipment anywhere in the world to establish a real-time connection to the unique facilities and
capabilities available within the national laboratory complex.

Pacific Northwest National Laboratory
» GridLAB-D distribution system models

» Research hardware and software

Idaho National Laboratory
» Multiple real-time digital simulator (RTDS) racks

» Utility-scale transmission system

» Research hardware and software

National Wind Technology Center

» Controllable Grid Interface (CGl) to emulate grid
disturbance and test how renewable energy
technologies perform before deployment

» Dynamometers that test up to 5 MW

» Utility-scale solar generators and high-power
energy storage

[38]



DOE PROGRAM
RESEARCH

In FY 2015, NREL performed DOE program research with a total value of more than

$14.4 million in the ESIF laboratories, including these projects:

Bioenergy Technologies Office
Biological Studies of Energy Systems
Biomass Scenario Model
Chemistry and Computational Fluid Dynamics Studies of Energy Systems
Process-scale Mechanistic Modeling for the Biochemical Conversion of
Biomass to Transportation Fuels
Building Technology Office
Advanced Fenestration Durability Testing
Commercial Buildings Research
Consulting to Zero-Energy Community Developer
Cost-Optimal New Construction Practices

National Residential Energy-Efficiency Economic Potential Impact
Analysis VOLTTRON Installation and Testing

Computing

Algorithm Characterization to Assess
Application Performance on Future
Architectures

Application Energy Consumption for Various
Node States and Configurations

Framework for Comparison of
Spatiotemporal and Time Series Datasets

High-Performance Interactive System
Dynamics Visualization

High-Fidelity Computational Fluid Dynamics

Tools for Design and Scale-up of Solar
Thermochemical Reactors

Visualization and Simulation of
Manufacturing Line

Energy Systems Integration (Multiple
DOE Program Offices)

Eastern Renewable Generation Integration
Study (ERGIS)

High-Resolution Rapid Refresh
with National Oceanic and Atmospheric
Administration

Integrated Energy System Model
Development

Multi-Scale Grid Management Framework
and System Prototype

PLEXOS Modeling
Resource Planning Model Development

Western Interconnection Generation
Reliability and Flexibility Adequacy Analysis
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INTEGRATE Projects (Collaborative)
EPRI: Cohesive Application of Standards-
Based Connected Devices to Enable Clean
Energy

EPRI: End-to-End Communications and Control
System to Support Clean Energy Technologies

Omnetric: Open Field Message Bus Reference
Architecture Demonstration

Smarter Grid Solutions: Demonstrating Active
Network Management INTEGRATIon

University of Delaware: Open V2X at ESIF

Fuel Cell Technologies Office

Advanced lonomers & MEAs for Alkaline
Membrane Fuel Cells

Analysis of Optimal Stationary Fuel Cells
for Buildings

Demonstrating Hydrogen as a Storage
Mechanism for Renewable Electricity

Electrolysis System, Stack, and Component
Performance

Fuel Cell Manufacturing Quality Control R&D

Fuel Cell R&D, Including Catalysts and
Electrodes

Fuel Cell Vehicle Demonstration

High-Efficiency Tandem Absorbers for Economical
Solar Hydrogen Production

Hydrogen Dispenser Hose Reliability Improvement

Hydrogen Fueling Infrastructure Component and
System Testing at the Hydrogen Infrastructure

Test and Research Facility
Hydrogen Sensor Development and Evaluation

Hydroxide Conductors for Energy Conversion
Devices

Scenario Evaluation and Regionalization Analysis

Technology Validation Performed in the National
Fuel Cell Technology Evaluation Center

Geothermal Technologies Office

High Power Laser Tool and System for Unique
Geothermal Well Completions

Office of Electricity Delivery and
Energy Reliability

GE Microgrid Plant Control Design and
Development

Grid Interactive Microgrid Controller for
Resilient Communities

Pre-standards Research—Updating
Interconnection Conformance Tests

Smart Grid Pre-Standard Testing Support: Testing
of Multiple Inverter Interactions Using PHIL

Solar Energy Technologies Office

California Solar Initiative—Distribution System
Integration Modeling

Charge-Transport in Nanostructured Quantum-Dot
3D Arrays

Codes & Standards Development for PV
Interconnection and Interoperability

Combinatorial Materials Discovery for Organic
Photovoltaics

Computational Materials Science for Advancing
Photovoltaic Technologies

Degradation Mechanisms and Development of
Protective Coatings for Thermal Energy Storage
and Heat Transfer Fluid Containment Materials

Design and Discovery of Semiconducting Energy
Materials

Eastern Renewable Generation Integration Study (ERGIS)

Emerging Technology Characterization

Integrated Grid Modeling System (IGMS)

Near-Blackbody Enclosed Particle Receiver Testing
NREL Materials Database

Outside California Distribution System Integration
Modeling

PLEXOS Modeling

Predicting Morphologies of Organic Photovoltaic
Polymers

Solar Resource Assessment from Geostationary Satellites
Sub-Hour Irradiance National Database

Tetrahedrally Bonded Conductors as Competing Phases
in PV

Theoretical Materials Science

Tools for Design and Scale-up of Solar Thermochemical
Reactors

Western Interconnection Generation Reliability and
Flexibility Adequacy Analysis
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New Industry Partnerships

SolarCity: address interconnection challenges of
the high-penetration utility-interconnected PV in
electrical distribution systems

Advanced Energy: high-penetration PV power
electronics and energy management technology
research, development, and demonstration

SDG&E: support SDG&E grid and storage
efforts

Southern California Gas Company: enable higher
penetrations of solar power generation using the
natural gas pipeline for energy storage

Duke Energy: identify the operational impacts of
high penetrations of PV with smart inverters on a
representative distribution feeder in Duke Energy’s
territory

Google: innovation in PV inverter power
density

SunPower: residential PV-energy storage testing

Vehicle Technologies Office

Charge Transport in Organic Radical Batteries

Electric Drive Vehicle Climate Control Load
Reduction

Evaluation of Electric Trucks
Fleet DNA Project

High Energy, Long Life Organic Battery with Quick
Charge Capability

Integrated Computational Materials Engineering
Development of Advanced Steel for Lightweight
Vehicles

Internal Combustion Engine Energy Retention

Multiscale Multiphysics Lithium-ion Battery
Modeling

Performance of High-Temperature Bonded
Interfaces

Thermomechanical Modeling of a Power
Electronics Module

Validation and Development of Coupled
Computational Fluid Dynamics and Ignition
Kinetics Models for Transportation Fuels

Wind and Water Power Technologies Office

Computational Fluid Dynamics Simulations of the
Hydrodynamics of Offshore Floating Platforms for
Wind Turbines

ERGIS

High-Fidelity Computational Fluid Dynamics

Industry Support Projects on Wave Energy System
Computational Fluid Dynamics Modeling

Integrating ESIF and NWTC Hardware-in-the-Loop
Testing Capabilities

Offshore Technology Demonstration
PLEXOS Modeling

Simulator for Offshore Wind Farm Applications +
Super Controller

Wave Energy System Computational Fluid Dynamics
Modeling for Extreme Conditions

Western Interconnection Generation Reliability and
Flexibility Adequacy Analysis

Wind Flow Modeling—Atmospheric Science

Wind Plant Optimization & Systems Engineering
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Project Spotlight

Smarter Grid Solutions INTEGRATE Team Tests Active Network
Management Platform to Control DER in Real Time

From PV on rooftops to utility-scale wind power plants, renewable energy generation
is increasing at all scales. This expansion has created the need for new tools and
technologies that enable the grid to handle high penetrations of these variable DER
more efficiently.

DOE’s Integrated Network Testbed for Energy Grid Research and Technology
Experimentation (INTEGRATE) project provides RD&D support to advance innovative
solutions in this area. INTEGRATE aims to enable the development and validation

of open-source, interoperable technologies that help the grid host more renewable
energy.

Five research teams were chosen through the INTEGRATE request for proposal to test
their ideas at the ESIF. Smarter Grid Solutions was one of those teams and has already
begun testing its Active Network Management (ANM) integrated distribution grid
management solution.

ANM is designed to coordinate control of DER with associated grid constraints in
real time. It offers a quick (second-to-second), local, repeatable, and time-bounded
management platform that pushes real-time intelligence to the grid edge. The
platform has been deployed in Europe, and testing at the ESIF is focused on proving
the concept for the North American grid.

The Smarter Grid Solutions team has completed a Smart Home use case—the first

of three use cases it will test. This first use case evaluated how ANM can be used to
manage power flow and voltage constraints on a radial network. The second and third
use cases will scale up the testing to a campus and then to a distribution grid.

Continued on page 48
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“We have been very pleased with
the power hardware-in-the-loop
testing at the ESIF and the ability to
use this demonstration opportunity
to benchmark ANM technologies

for North American utilities while
also demonstrating that real-time
hosting capacity for clean energy

is significantly higher compared

to traditional static grid hosting
capacity approaches. The NREL team
has been great to work with, and

we are looking forward to the Smart
Campus and Smart Distribution use
cases over the next 12 months.”

- Jeremiah Miller, Senior Smart Grid
Analyst, Smarter Grid Solutions

Project Impact

The Smart Home use case
demonstrated coordinated control
of residential-scale PV system
generation, EV charging, and battery
storage with uncontrolled home loads.
This first demonstration achieved ANM
control response as designed under
three different constraint scenarios:
reverse power flow constraints where
export of excess PV generation was
restricted, import constraints where
ANM was used to control a group of
DER to provide grid demand response,
and voltage rise management at the

point of common coupling.

With this first proof of concept
successfully completed on a small
scale, the Smart Campus use case

demonstration is now underway.

The Smart Campus demonstration
will use a modified IEEE 13-node
feeder model for PHIL testing and will
incorporate the following DER on a
spot network: generator (as emulated
combined heat and power), PV array
emulator with 500-kW PV inverter,
energy storage, EVs, and controllable
loads.



INTEGRATE Projects Overview

The INTEGRATE teams are focused on three areas: connected devices,
communications and control systems, and integrated systems. Testing at the ESIF
is underway for three of the five projects. These demonstrations will continue
throughout FY 2016; results and conclusions will be available at the end of 2016.

Connected Devices

Project 1: EPRI and five device manufacturers are testing the ability of a set of
connected devices to provide grid services. A primary focus of this research is
standardizing device services for various clean energy technology types and
developing communication interfaces.

Project 2: The University of Delaware is evaluating the ability of vehicle-to-grid
capable bidirectional EVs to provide grid services and testing open protocols for
coordinating those services.

Communications & Control Systems
Project 3: EPRI, Schneider Electric, and other energy management system
providers aim to demonstrate an end-to-end framework of communications,
information, and computation technologies, integrating the operation of different
domains within distribution systems (DMS, demand response service, residential
appliance scheduling) through open-source software tools.

Integrated Systems

Project 4: The Omnetric Group, a joint venture between
Siemens and Accenture, along with partners Duke Energy,
CPS Energy, and the University of Texas at San Antonio

will demonstrate an Open Field Message Bus platform. The
platform is designed to help the grid to effectively support
large-scale complex operations such as distribution systems
at electric utilities, allowing for a higher penetration of clean
energy resources.

Project 5: Smarter Grid Solutions is demonstrating a
distribution grid management solution using ANM to enhance
grid capacity and services by providing real-time coordinated
control of DER. The project leverages a smart energy platform
that has been deployed in the United Kingdom. The objective
is to use network assets to coordinate renewable energy
generators and DER to enhance grid capacity for renewable
energy.




USER FACILITY UPDATES

Awards and Certifications

ESIF Achieves International Quality

Management Standard

The ESIF was certified to international standard I1SO
9001:2008 for quality management. This standard

is established by the International Organization for
Standardization (ISO), the world’s largest developer of
voluntary international standards. The ISO 9001:2008
standard is globally recognized and defines the
structure of a facility’s quality management system

to ensure continuous improvement. The ESIF is also
certified to ISO 14001:2004, a standard that defines
the structure of a facility’s environmental management
system to improve its environmental performance,

and OHSAS 18001, an occupational health and safety
management system standard. These international
certifications further the ESIF’s position as a world-
class research, development, and demonstration facility.

ESIF Is a Finalist for PMI Award

The ESIF was honored by the Project Management
Institute (PMI) as one of three international finalists for
PMI’s Project of the Year Award. This award recognizes
projects from any industry in the public and private
sectors that have demonstrated superior use of project
management techniques.

Facility and Process
Improvements

Enhancements Incorporated into ESIF
Online User Support System

Leveraging software developed by Pacific Northwest
National Laboratory for their Wiley Environmental and
Molecular Sciences Laboratory user facility, NREL has
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adapted and improved its online user support system to
provide greater functionality and a better user experience.
The system is currently being used to process requests for
shared equipment and work space. The goal is to have all
ESIF users, including NREL staff, submit and manage their
resource requests through this system.

Streamlined Onboarding Process Gets

Partners into Labs Faster and More Efficiently
The ESIF User Program team and NREL’s Office of the
Chief Information Officer have integrated the ESIF online
user support system with Workday. Partners can now
electronically sign onboarding forms and take initial ESIF-
specific training through the Learning Management System
prior to their arrival at NREL. This means that partners can
walk through the doors, receive a badge, and begin work in
the labs more quickly. More than 60 external ESIF lab users
have been electronically onboarded, with an expectation of
that number doubling in FY 2016.

NREL Publishes ESIF User Guide
The ESIF User Program team has developed and published
an ESIF User Guide. This booklet is designed to be a quick
reference for new users of the ESIF and provides essential
information about working safely in the ESIF labs, required
trainings, campus policies and procedures, and what to do in
case of an emergency.

Capability Hub Configuration

To accommodate new projects, NREL defined 26 purpose-
built spaces throughout the ESIF’s laboratories. These
“capability hubs” will allow greater flexibility in the use

of lab space and a more efficient distribution of the lab’s
testing resources. Each hub is connected to equipment for

a specific testing purpose and can be interconnected with
other equipment and areas of the lab to create an integrated
system.

“We more than doubled the number of
external partners that were able to use
the ESIF in FY 2015 compared to FY
2014, thanks to a streamlined onboarding
process and a new and more flexible lab
configuration. Our team is committed to
growing collaboration opportunities by
ensuring that the user experience is a
positive and productive one.”

- Steve Bonde, ESIF User Facility Support
Manager, NREL




INVENTIONS

Patents Filed

ESIF Capability/
Resource Used

Title

Primary NREL Center

NREL Number

Inventor Name

Lab

Lab

Other

Lab

Platinum Nickel Nanowires as
Oxygen Reducing Electrocata-
lysts and Methods of Making
the Same

Batch and Continuous Methods
for Evaluating the Physical and
Thermal Properties of Thin Films

Model Predictive Control For
Heat Transfer To Fluids

Systems and Methods For Direct
Thermal Receivers Using Near
Blackbody Configuration

5900 - Chemistry & Nanosci-
ence

5J00 - Materials Applications &
Performance

5500 - Buildings & Thermal
Systems

5500 - Buildings & Thermal
Systems

PROV/14-41

PROV/14-68

13-77

13-51

Alia, Shaun;
Pivovar, Bryan

Penev, Michael;

Sopori, Bhushan;

Ulsh, Michael;
Rupnowski, Przemyslaw;
Bender, Guido

Jin, Xin;
Maguire, Jeff;
Christensen, Dane

Wagner, Michael;
Ma, Zhiwen;
Martinek, Janna;
Neises, Ty;
Turchi, Craig

Licenses

ESIF Capability/
Resource Used

Title

Primary NREL
Center

NREL Number

Contributor Name
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HPC

HPC

HPC

Lab

Other

Other

Lab

Other

Lab

Other

Lab

Other

Other

ED-SVM, Fluent CAEBAT API

Acceptor-Donor-Acceptor Type Polymers
as Electron Donors in Organic Photovoltaic
Bulk Heterojunctions

STREAMM (Simulation Toolkit for Renew-
able Energy Advanced Materials Modeling)

Method and apparatus for rapid measure-
ment of solar simulator uniformity

H2 FAST (Hydrogen Station Financial
Analysis Scenario Tool)

Grid-friendly System for Implementing High
Penetration Distributed PV with Storage

Hydrogen Removal from Solar Thermal
Power Plants

Zoned, modular, combination HVAC heat
pump and heat pump water heater system

U-Cavity Receiver Design and Operation for
Solid-Particle-Based Concentrating Solar
Power Plant”,

Smartphone- and Wearables-based Build-
ing Energy Management

High-Temperature, High-Efficiency Fluid
Bed Particle Receiver

Immersible Computation Module For Elec-
tric Water Heating

Embedded Computation Module for Air
Heating

2C00 - Computational Sci-
ences

2C00 - Computational Sci-
ences

2C00 - Computational Sci-
ences

5200 - National Center for
Photovoltaics

5400 - Transportation &
Hydrogen Systems

5400 - Transportation &
Hydrogen Systems

5500 - Buildings & Thermal
Systems

5500 - Buildings & Thermal
Systems

5500 - Buildings & Thermal
Systems

5500 - Buildings & Thermal
Systems

5500 - Buildings & Thermal
Systems

5500 - Buildings & Thermal
Systems

5500 - Buildings & Thermal
Systems

SWR-15-04

ROI-15-48

SWR-15-29

ROI-15-05

SWR-15-06

ROI-15-10

ROI-15-28

ROI-15-19

ROI-15-27

ROI-15-52

ROI-15-61

ROI-15-82

ROI-15-83

Graf, Peter; Kim, Gi-Heon;
Smith, Kandler

Olson, Dana; Larsen, Ross;
Owczarczyk, Zbyslaw

Graf, Peter; Larson, Ross

Silverman, Timothy

Bush, Brian; Penev, Michael;
Melaina, Marc

Neubauer, Jeremy

Glatzmaier, Greg

Booten, Chuck; Christensen,
Dane

Ma, Zhiwen; Martinek, Janna

Jin, Xin; Earle, Lieko; Sha,
Mo; Sparn, Bethany

Ma, Zhiwen; Martinek, Janna;
Mehos, Mark; Netter, Judy;
Turchi, Craig; Wendelin,
Timothy

Christensen, Dane

Christensen, Dane
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ESIF Capability/
Resource Used

Title

Primary NREL
Center

NREL Number

Contributor Name

Other

Other

Other

Other

Other

Other

Lab

Other

Other

Other

Other

Lab

Embedded Computation Module for
Space Heating

Foam-in-Place Insulation for Retrofit of
Window Openings

Modular Split HVAC System Driven
from a Single Motor

Integrated Personalized Comfort
System

Thermal Storage For Modular Split
HVAC System

SWR-15-30 Ingersoll-Rand Connected
Thermostat Database Development and

Analysis

Lockout/Tagout Device Design For
2-Way Valve

Radiometer Calibration &
Characterization (RCC)—
Windows Version

Integrated Grid Modeling System
(IGMS)

Home Energy Management System

(HEMS)

Bus.py

JSON-link Library

5500 - Buildings & Thermal
Systems

5500 - Buildings & Thermal
Systems

5500 - Buildings & Thermal
Systems

5500 - Buildings & Thermal
Systems

5500 - Buildings & Thermal
Systems

5500 - Buildings & Thermal

Systems

5900 - Chemistry & Nanosci-
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Modules: Preprint.” Presented at the 42nd IEEE Photovoltaic Specialists
Conference, New Orleans, Louisiana, June 14-19, 2015. NREL/CP-
5J00-64417.
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Cho, H.S., M. Das, H. Wang, N.H. Dinh, and JW. Van Zee. (2015).
“Contamination Mechanism and Behavior of Amide Bond Containing
Organic Contaminant on PEMFC.” Journal of the Electrochemical
Society 162(4): F427-aF435. NREL/JA-5900-62537.
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PARTNER WITH US

We believe that with the right tools and the right team,
great things can happen. The ESIF offers utilities, industry,
manufacturers, universities, and other government
laboratories access to an award-winning, state-of-the-

art lab space and a team of specialized scientists and
engineers to help move new technologies forward. Bring
us your biggest energy system challenges, and let’s solve
them together.

Visit www.nrel.gov/esi/working_with.html or contact the
ESIF User Program at 303-275-3027 or
userprogram.esif@nrel.gov to discuss opportunities.

Learn more about the ESIF and see a list of current
partners at http://www.nrel.gov/esi/partnerships.nhtml.

For complete details on the ESIF’s capabilities, tools,
research focus areas, and user facility opportunities, please
visit www.nrel.gov/esif.



http://www.nrel.gov/esi/working_with.html
http://userprogram.esif@nrel.gov
http://www.nrel.gov/esi/partnerships.html
http://www.nrel.gov/esif




	ESIF 2015 Annual Report
	Bring Us Your Challenges
	Table of Contents
	FY 2015 Challenges We've Met
	Renewable Energy to Grid Integration
	Renewable Fuels & Vehicle to Grid Integration
	Grid Control & Resilience
	Grid Modeling, Control, & Cybersecurity
	High Performance Computing & Visualization

	Partners
	New Connections
	DOE Program Research
	Integrate Projects
	User Facility Updates
	Inventions
	Publications
	Partner With Us



