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Energy Systems Integration Facility
ADVAN C I N G A C LE AN E R , S M A R TE R E N E RGY G R I D BEG I N S
W I T H T HE P OW E R O F E XPE R T I SE
With a supercomputer, a plug-and-play megawatt smart grid and high-bay laboratories all
housed in a single facility at the Department of Energy’s (DOE) National Renewable Energy
Laboratory (NREL) in Golden, Colorado, the lab wanted to continue its leadership in energy
sustainable operations. Working collaboratively with Xcel Energy, the team had some ideas
to make this happen.

NREL knew there would be challenges when building the first-of-its-kind user research
facility on its 327-acre campus. The Energy Systems Integration Facility (ESIF) would bring
together a wide range of energy carriers—electricity, thermal sources and fuels—with
other infrastructures such as water and transportation. In the end, the facility would
provide public and private companies access to a suite of integrated labs to research and
develop new ways to power homes, businesses and cars.
Today, the nation’s first ESIF stands as proof of concept—consuming 74 percent less
energy than the national average for office buildings while housing high-bay laboratory
spaces and one of the world’s most energy-efficient, high-performance computer
data centers.

“Essentially, you can get
energy efficiency for free
if you can guide the design
architecturally to be
as efficient as possible.”
SHANTI PLESS
NREL Senior Engineer
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PROJECT SNAPSHOT
New building involving multiple systems
to include:
• No mechanical cooling for IT loads
• Direct liquid cooling to high-power
servers
• Optimized data center air distribution
• Heat recovery from IT loads to heat
the office spaces
Total project cost

$596,486

Total Xcel Energy
rebate

$259,915

Estimated annual
energy savings

2,299,892 kWh

Payback term

1.32 years

COLORADO

Forming a team
NREL engineers brought their team together in the early planning stage, including utility
partner Xcel Energy since energy performance spans all aspects of design, construction
and project operations. Xcel Energy offers several energy efficiency programs designed to
help its customers lower their facilities’ operating costs by identifying and implementing
energy-saving opportunities. Programs include energy assessments and incentive rebates
that make the adoption of energy-saving products affordable. In this case, the Self Direct
Efficiency program worked best. NREL qualified for the program because it met usage and
demand requirements, plus it had the capability to keep engineering, implementation and
commissioning in-house.
“The Self Direct Efficiency program provided much-needed flexibility along with a larger
rebate, creating a win-win for all of us,” says NREL Senior Engineer Shanti Pless. “We
took advantage of increased rebates of $525 per kW saved by keeping the engineering,
implementation and commissioning in-house.”
As a comparison, rebates represented a 30 percent increase over those offered by
Xcel Energy’s Custom program.
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“NREL met the usage and demand requirements for Self Direct Efficiency,“ says Art
Kwerneland, Xcel Energy account manager. “Plus, when you have the talent that NREL
has, you use that talent. Together, we absolutely hit this project out of the ballpark.”
To obtain the best innovation in the construction industry, NREL created a competitive
design build environment. Priorities for ESIF were set—from critical mission to
nice-to-haves.
With a payback term of 1.32 years, the ESIF
project is a great example of what can be
achieved when energy efficiency is top of
mind. “Where most projects spend a lot of
money on architecture with an emphasis on
interior finishes or fancy lobbies; our goal
was to make our architectural investment
be energy efficiency features,” explains
Pless. “Essentially, you can get energy
efficiency for free if you can guide the
design architecturally to be as efficient
as possible.”
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Big computer, big savings
NREL Energy Engineer for Site Operations, Chris Gaul, P.E., says the load on the campus
before building the ESIF was three megawatts, with more than enough solar photovoltaic
generation to match it. Enter Peregrine, the largest high-performance computing system
in the world exclusively dedicated to advancing renewable energy.
“The supercomputer added 80 kilowatts on a rack with a significant load of power pulled
from one office-sized space,” says Gaul. “Getting that to be as efficient as possible
directly impacts our long-term operational goals.”
NREL teamed with Hewlett-Packard and Intel to develop the innovative warm-water,
liquid cooled Peregrine supercomputer, which not only operates efficiently, but also serves
as a source of building heat for the ESIF offices and laboratories.
As a result of the water-cooling innovation, 90 percent of computer waste heat
is captured and reused as a heat source for the facility’s offices and laboratory space.

Leading the way in energy efficiency
ESIF is the right tool for today’s energy system challenges. The facility allows private and
public organizations in the U.S. to lower the risk of adopting new technologies. Plans are
for the facility to grow and adapt—adding more laboratories and more focus on solar and
wind as companies continue to look to utilities to get low cost renewables on the grid.

“The Self Direct Efficiency program
provided some much-needed
flexibility along with
a larger rebate, creating
a win-win for all of us.
We took advantage of
increased rebates of
$525 per kW saved
by keeping the engineering,
implementation and
commissioning in-house.”
SHANTI PLESS
NREL Senior Engineer
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NREL and Xcel Energy will continue to partner on energy efficiency projects—for the ESIF
as well as retrofitting buildings on campus as needed. “Fortunately, we have an internal
policy to earmark energy efficiency rebates for reinvestment in future efficiency projects,”
says Pless. “We encourage companies to invest in energy efficiency. We are proud to
say we lead the way in obtaining world class efficiency. It’s what we do. By working with
Xcel Energy to achieve that level of efficiency in our buildings, we succeed in meeting our
federally-mandated mission.”
To qualify for Xcel Energy’s Self Direct Efficiency program, companies must have an
aggregate peak demand at all meters of at least two Megawatts (MW) in any single
month and have an aggregate annual energy usage of at least 10 gigawatt-hours
(GWh). Think your project may be eligible? Contact your account manager or speak to
an energy efficiency specialist at 1-855-839-8862.
You can also visit xcelenergy.com/SDE to obtain a Self Direct Efficiency application.
To learn more about the Energy Systems Integration Facility, visit nrel.gov/esif.
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Three Steps to Bigger Savings
Here are a few tips from the experts at
National Renewable Energy Laboratory
(NREL) on engaging the community to
work together in both construction and
design for optimal efficiency:
1. Prioritize energy performance in
the early stages of your project
as it leads to strategies with the
lowest cost to the project overall.
2. Understand that 80% of the
building’s lifecycle cost occurs
during the operational phase—
opportunities from integrated
design that provide advancements
in energy and operational efficiency
at minimal to no additional capital
cost offer tremendous payback.
3. Consider a partnership with your
local utility. Energy efficiency
programs, like Xcel Energy’s Self
Direct, help keep accountability
high. Show proof you’ve achieved
the goal and receive the rebate.
For more energy-saving
recommendations, you may want to
check out the series of Advanced
Energy Design Guides available as a
download: ashrae.org/aedg.
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