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Housekeeping

Reminders

e This webinar is being recorded.

* Please submit any questions to the Q&A box.
* We encourage you to participate in our polls.

Real-Time Poll via Poll Everywhere
* Go to pollev.com/nrelwebinars303 in your browser.
* Linkisin the chat or text nrelwebinars303 to 22333.
e Enter your first and last name.
* Respond to each poll as they appear on your screen.
* No names will show up on the results that show up publicly in the presentation.
www.PollEV.com/nrelwebinars303
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Technology Manager, Building-to-Grid and Controls
Office of Energy Efficiency and Renewable Energy
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Outline

* Purpose and Methodology
* Four Case Studies

* Thin film solar photovoltaics

+  Fuel cells for material handling |
equipment

 Wind blade improvements

e Efficiency in refrigerators

 Summary of Findings

e Questions and Discussion
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Question: How does clean energy go commercial?

* What technologies are we talking about, and why o
are they different?

Clean energy technology
pathways from research to
commercialization: Policy and
practice case studies

* How do relevant innovations happen?
* How does market entry happen?

* There are ways to answer some of these questions
— Detailed history
— Track patents and products

— Impact analysis

* What are the most valuable cases and insights
from EERE’s memory?
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Purpose and Methodology

Purpose

* |dentify generalizable approaches

* Inform research investment

* Advance the transition to a low-emission future
Methodology

e Synthesize findings from interviews with 50+ subject matter experts
(1:1s, panels, and workshops)

Case Study Selection
* Diversity of technology type (clean energy and energy efficiency)

* Diversity of commercialization approaches and strategies

* Fully commercialized technology with DOE participation
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Thin Film Cadmium Telluride (CdTe) Solar Photovoltaics

Photo by Dennis Schroeder, NREL

Sunlight

Illustration by Alfred Hicks, NREL
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Nascent competitive industry

Decades of R&D partnership among
First Solar, DOE national labs, and
universities

— Increase cell efficiency

— High-rate vapor transport deposition
manufacturing

— Testing and validation for reliability
Life-cycle analysis and recycling

commitments enabled access to early
growing German solar market



Thin Film CdTe PV - Keys to Success

25 — — 25 * Government funding enabled:
— Foundational materials research
20 —\FS 2“005‘;‘”'9 20 — Advanced manufacturing methods
) — Consistent testing standards
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Fuel Cells for Material Handling Equipment

* Forklifts and other material handling
equipment (MHE) operating with hydrogen
(H,) powered fuel cells

» Established industry with need for

— Low air emission power for indoor warehouses
— Rapid fueling compared to lead-acid batteries
|+ Research community seeking successful
commercialization in transportation market
 Competitive awards to industry, funded

— Deployment of 100s H, fuel cell powered MHEs
at industrial and Defense Department sites

Photo by Jennifer Kurtz, NREL — Installation of supportive infrastructure for
fueling, data collection, training
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Fuel Cells for MHE — Keys to Success

* Over 500 deployed launched successful first
—rowd market manufacturing at scale resulting in

ElClass |

00 >40,000 units integrated within industry
— Provided energy density, fast refueling, fuel
- storage capacities
* Government funding enabled:
— Foundational research in fuel cell development
H i — Testing/demonstration collaboration with industry
0 - — Direct procurement of early commercial

2010Q1 2010Q2 2010Q3 2010Q4 2011Q1 2011Q2 2011Q3 2011 Q4

600
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technologies
Source: NREL, https://www.nrel.gov/docs/fy120sti/55308.pdf

* Fuel cell MHEs overlapped technology
readiness and markets by new competitive
alternative technologies
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Wind Blade Design Improvements

* Nascent competitive industry

* Funded ecosystem of universities, national
labs, and private startup companies
advanced innovations

— Bend-twist design passively reduces pitch,
lowering load during wind gusts

Flat Back

Flat Back

— Flat-back design structurally enhances
connection to hub keeping airfoil blades

— Combination enabled longer blades with less
mass

lllustration by Besiki Kazaishvili, NREL

* Designs presented in open fora and
proven in shared government testing
facilities
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Wind Blade Design Improvements — Keys to Success
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Data source: thewindpower.net, 2020

Significant reduction in scaling trends

enabled larger rotors and lower (~33%)

levelized cost of energy

— Resulted in rapid expansion after 2008 to
$100 billion annual worldwide market

Government funding enabled:

— Convening for innovation across public-
private organizations

— Shared research and testing user facilities
Selectively open intellectual property

— Fundamental design principles open to all

— Companies applied principles in their own
proprietary designs
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Efficiency in Refrigerators

* Dual evaporators for fresh food and freezer
o compartments in refrigerators to increase

I
|
| Lot
|
|

| Controller

~
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: * Cooperative research between Whirlpool and
: I DOE funded by American Recovery and

) 1w efficiency

E g’d = JiHHP® 1 Established industry with

! Valve system [ Compreswgi EE — Minimum efficiency standards periodically
i | | Ei updated by DOE

! " Heat axchangers - — Low margin with price sensitive customers
|

.

Freezer
compartment

Reinvestment Act

I

|

! Refrigerator
| compartment
|

|

i R — Access to national laboratory simulation tools
and advanced experimental facilities

< <% | Evaporator 1H &1

Diagram adapted from U.S. Patent 9285161B2, Dual Evaporator Development - RGSUlted In patents for commercia l |Zed deSIgn

for Refrigerators with improved efficiency
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Efficiency in Refrigerators — Keys to Success

* Demonstrated >50% energy reduction per unit volume with small cost increase

* Government action and funding enabled:
— Regulatory standards as driver for innovation in established low margin market
— Access to funded R&D assets, including models, test facilities, and funded researchers
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Summary and Conclusions

Technology
and Initial Status

Thin Film Solar

Photovoltaics
Nascent technology

Wind Blade

— -/
‘n Improvements
Nascent industry

II Dual-stage
Refrigeration

Evaporators

Established industry

@Q_ Fuel Cells for
Material Handling

Equipment
New application
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Public-Private Partners
and Partnership Type

Startup company; National
labs and universities
Shared standards and research

Startup and established
companies; Universities
and national labs

Open R&D consortium

Established company;
National lab
Cooperative R&D agreement

Startup companies;
Government operations
facilities

Demonstration grants

A A
fifio 1

Alignment of
Government and Market

Government cost goals

and performance standards;
Market seeking affordable
clean energy

Shared research user
facilities; Open intellectual
property; Increased
market demand

Efficiency standards
mandated by statute;
Models requested by
industry from national labs

R&D advanced technology
performance; Market
demand for cleaner options
for current equipment

LR
&

Compatibility of
Development Timing

Jointly developed cost
and recycling solutions
met market timing

Technology widely
adopted and adapted
by accelerating industry

Technology solutions
met standards deadline
and launched other
technology options

Demonstrations enabled
accelerated development
of this and other
technology options

Graphic by: Nicole Leon/NREL



Conclusions and Policy Implications

 Company leaders: Successful energy technology

companies leverage research infrastructure and ﬁ‘EREGUlDE
partnerships to be prepared for market =

opportunities

Comgare )
Lty :: .:I‘L‘:r 0 tther abels With yell
TN b g oW numbErsl

e lest Procedyrgg

* Government program managers: Array of policy
tools support first commercialization — research
funding, shared-use facilities, technology targets, \“_‘
open innovation, deployment incentives

* Proposed future approach: Proactive longitudinal
studies with measurable inputs and success
metrics tracked over decade of development from N
research = first commercialization "’

o

Photo from iStock
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Thank you! Questions?

NREL/PR-6A50-84874
See NREL/JA-6A50-78176 for the related Journal Article
Full Article: https://www.frontiersin.org/articles/10.3389/fenrg.2022.1011990/full
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