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Mean LCOE

; \ $36 Utility Scale Solar

\ $21 Wind

2018 2019

2019 Xcel pricing for projects due to go online in 2023.

/ $148 Nuclear (20%)

$102 Coal (8%)

60 Gas-Combined Cycle |

$50 Utility Scale Solar (86%)

$/MWh .
il Costs for Renewables are Falling
330
Advanced energy technologies are providing $/MWh
300 real-world solutions by: $60
$50
270 * Becoming increasingly cost-competitive 5:3
30
Si * Boosting the U.S. energy industry
* Providing jobs for American workers
210
180
150
$135
120 | $123
$111
90
60
30

$45 Wind (67%)

2009 2010 2011 2012 2013 2014 2015

Source: Lazard’s 2017 Levelized Cost of Energy Analysis, Version 11, 2 November 2017

2016

2017
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At NREL, we Reduce
Risk in Bringing
Innovations to Market

NREL bridges
the gap

Universities and Corporations

National Laboratories

NREL helps bridge the gap from
basic science to commercial
application

- Basic i \  Product \ :
Research / Development / PIOMRICKOn

benefit the entire |ndustry invests in short- * We take a longer, broader view

Forward-thinking innovation yields
disruptive and impactful results to

u.S.
SCONGHY term R&D where they are * We take on early-stage, high-risk
Accelerated time to market delivers

o o R&D
advantages to American businesses confldent In a return on , . .
* NREL's research makes it possible

and consumers Investment. for industry to bring important new
solutions to the market
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Industry invests in short-term R&D when they are
confident about a return on investment. NREL:

* Assumes a longer, broader view.

* Takes on early-stage, high-risk R&D.

* Conducts research that makes it possible for industry
to bring important new solutions to the market.

“It is often too risky for the private sector to
be on that bleeding edge of research where
profits are years and years away.”
Venkatesh Narayanamurti, Harvard Kennedy

School professor of science and technology policy,
told The Washington Post
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Nearly 900 active partnerships with
industry, academia, and government

Partnering for Market Impact

| In 2019 NREL had:

(S74.0M\ T
' value "

new of new unique unique

partnership partnership new partners active partners
agreements agreements
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Three Key Ways NREL
Engages for Sustainable
Energy Impact at Scale

RESEARCH AND ANALYSISHS

* DOE Partnerships
e Strategic Partnerships
 Technology Incubation
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State and Local Energy Transitions as a Market Drlver

y /s

100% Renewable energy commitments in:
137 U.S. cities, 11 counties, 7 states, DC, and Puerto Rico*

*As of 9/24/19 https://www.sierraclub.org/ready-for-100/commitments



https://www.sierraclub.org/ready-for-100/commitments

Where We are Working

Training Consultation

Approach

cd e i i In Depth

‘ . 7 Analytics
300 US Communities

NREL | 12



-~ G' .

ATHENA: Advancing Transportation
Hubs Efficiency with Novel Analytics

ATHENA will leverage data streams to model and optimize integration of new
technologies at Dallas-Fort Worth Airport and other hubs.

NREL %OAKRIDGE F\NITVA/ ;Amercen Aines Hitachi Toyota
B8 .
o Transforming ENERGY - National Lzlboratory L J I " " FAA, NASA, and an AdVISOfy Board of

multiple airports and ports NREL | 13



Three DOE Labs — Partnered to Drive
Technical Innovation in Clean Water

Wate r I n n Ovat i O n ( N AWI ) *  The Opportunity: First large, coordinated federal

investment in water research since the 1970s

National Alliance for

*  The Why: Created in response to DOE’s new water hub
which will drive pipe parity from different feed sources

*  The Team: NAWI, led by LBNL in partnership with ORNL
and NREL, encompasses the best science, manufacturing,
and renewable energy/energy efficiency research across
the United States

*  The Technical Engine: Key university and industry
partners are driving Hub innovations

; ey ‘ e Success Measures:

e  Acircular water economy secured by desalination
of non-traditional water sources

tre . Benefits to utilities; oil and gas; municipal,

1 industrial, agricultural, and mining sectors; and

more!

Natignal Alliance for Water Innovation
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Defense Federal International State and Local
Emphasize energy Expand access to Develop initiativesto scale-up Help states and cities
security and resiliency broader NREL markets for advanced energy meet geographically
atinstallations. capabilities. technologies and systems. focused energy goals.

Power

Expand work on PV
materials, device, and
reliability researchand

grid estimation.
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Universities

For example, researching
advanced wide bandgap
technologies used for electrical
power transfer applications
with Georgia Tech.

N EY BRI BB

CHILDREN'S
]h VESTMENT FUND
= FOUNDATION

Foundations

Partner to supportthe
incubation and
maturation of new
energy innovations.

Manufacturing
Grow existing
partnerships and
execute workfocused
on high-impact and
long-termprojects.
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Los Angeles - LA100 Study

* What are the pathways and costs to achieve 100% RE while maintaining current
reliability?

 Whatis the impact on the environment?

* What are the potential for high quality careers and local economic development?
* How can environmental justice communities be part of the solution?

* In coordination with Ratepayer Advocate: What are impacts to electricity rates?

NREL | 17



New York State Energy Research and Development

Authority (NYSERDA)

Technical, Financial, Regulatory,
and Policy Analysis:

1. Sector-based resource mix

Operational requirements

3. Information, data, analytics, and control requirements for
such resource mix

4. System resiliency implications and requirements

Cyber-security implications and requirements

N

w
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Eaton and NREL Researchers
Working Side-by-Side at the ESIF

Conversation about Eaton with NRE
E:TN
P

Powering Business Worldwide

Distributed Energy Resource
Management

Grid intelligence

Advanced energy storage systems
Electrical load identification A
Techno-economic analyses Poverg Bshess Wi
Virtual modeling and analysis

High-performance computing




Ex¢onMobil

$100M, S10-year, NREL-led
partnership with ExxonMobil executed
through CRADA and ACT, to conceive
and create solutions for today’s energy
challenges and fill gaps in traditional
energy development approaches.

“We’re focusing on advancing fundamental science
to develop breakthrough solutions that can make a
difference on a global basis in emissions
reduction,” said Darren W. Woods, chairman and
chief executive officer of ExxonMobil.
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Shell Gamechanger Accelerator Powered by NREL

GCxN will overcome market gaps
by providing access to technical
assistance and business development - =
support for early-stage clean energy A
technologies and services.

Targeted technology areas:
* Long-life battery storage
* Grid of the future
* Fast charging

First cohort:
* 3 companies
* Up to $250,000 per company



PORTFOLIO COMPANIES

30 portfolio companies to date have each
received up to $250,000 in technical
assistance from the laboratory and project-

related support

CHANNEL PARTNERS

Channel Partners refer early-stage companies to
the program, and provide critical business
mentoring and support to IN? portfolio

companies

EXTERNAL FUNDING RAISED
For every IN? program dollar awarded, on

average, IN2 companies raise nearly 20 dollars in

external follow-on funding. IN? portfolio

Wells Fargo Innovation
advances clean energy and agricu
technologies and accelerates thefr LS
path to market -
/ /' ‘ 2 ‘~|
/ | | b

companies have gone to raise $142 million from

external follow-on funding

Founded by: ®&ia ;}NREL
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NREL advances the
science and engineering
of energy efficiency,
sustainable
transportation, and
renewable power
ctTubines | Soect Exclusions UL glaTel[ef={CSCIgle

' N provides the knowledge
 to integrate and

optimize energy systems
T |

NREL's energy research
IS making an impact



Three critical research areas respond
NREL Looks Ahead ... to existing energy challenges and

will increase our impact.

Circular Economy for Integrated Energy Pathways Electrons to
Energy Materials Molecules

NREL | 25



Thank You

www.nrel.gov
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