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“Enabling Wind Energy Options Nationwide”
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Atmosphere to Electrons Development, and Human Use Considerations

Offshore Wind Environmental Research
Distributed Wind Grid Integration
Testing Infrastructure Regulatory and Siting

Standards Support and International
Engagement

Advanced Components, Reliability, and
Manufacturing

Analysis and Modeling (cross-cutting)
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Project Overview

T3: Distributed Wind Research Development and Testing

Project Summary Project Attributes

« Support innovative R&D and testing of wind technologies Project Principal Investigator(s)
designed for distributed energy applications through the lan Baring-Gould (NREL)
Competitiveness Improvement Project request for proposals Alice Orrell (PNNL)

. Eric Lantz (NREL)

* Research, analysis, and stakeholder engagement to develop a et e (UEEL
fundamental understanding of the installed costs, market Robert Preus (NREL)
potential, and R&D challenges limiting market development DOE Lead

Patrick Gilman

Project Objective & Impact Project Partners/Subs

« Reduce LCOE via cost reduction and performance improvement DL AN L
. ket sh £ tified Il d di | e eFormative Options
ncrease mar et share o ger ified small and medium-scale win Small Wind Certification Council
technologies tested to national standards Distributed Wind Energy Association
« Understand the market opportunity for different scales of DW New York State Research and
. .. Development Authority
* Benchmark costs to measure the impact of R&D opportunities
* Understand the challenges with resource assessment leading to Project Duration

performance risk
* Engage installers and project developers to understand their
unique challenges and needs

October 2016 through September 2018
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Technical Merit and Relevance

Analysis shows that investment in DW R&D could

unlock ~30GW of potential by 2030®. Efforts needed:

* Technology cost reduction and performance
improvements,

* Increased adoption rates through expanded market
knowledge

* Low-cost capital lead by higher reliability and improved
accuracy of performance assessments
DW can compete with solar based on time of

* Business cost reductions, allowing lower cost and more use pricing, though policy and continued
reliable project deve|opment investment greatly reduces DW development

. Ly |
W

1.5 MW System and Avg. Industrial Rates
<0
0-1500

15003000 Front of the meter distributed applications show
> 9000 wide availability, with many coop’s and
municipal power opportunities for cost effective =
development

Econarmic Potential (MW) 2018

All Turbine Classes - Reference Scenario \ n=a ;
- . . euth N R E L ’

<10 10-3%5 35-T0 TO-125 125-225 225-450 2450

1000

NREL analysis shows expansive market potential for
distributed wind in behind the meter applications

(1) Lantz, Sigrin, Gleason, Preus, Baring-Gould. (2016). Assessing the Future of Distributed Wind: Opportunities for Behind-the-Meter Projects. NREL/TP-6A20-67337. Available at: https://www.nrel.gov/docs/fy170sti/67337.pdf.
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https://www.nrel.gov/docs/fy17osti/67337.pdf

Approach and Methodology

Technology cost reduction and performance improvements

Competitiveness Improvement Project

Supports small businesses who design and manufacture small or medium wind turbine
technology through cost-shared subcontracts and technical support awarded via a competitive
process under 3 areas of interest.

28 Subcontracts to 15 companies, totaling $6.3 million of DOE investment while
leverage additional $3.5 million of awardee cost share

$4.14 million
Component Innovations and
System Optimization

/

$500K $1.69 million
Manufacturing Turbine
Process Innovation Certification Testing

Funding breakdown for
three CIP research areas

U.S. DEPARTMENT OF ENERGY

Bergey Windpower
(Norman, OK)

Endurance
Wind Power
(Seattle, WA)

Intergrid
(Temple, NH)

Northern
Power Systems
(Barre, VT)

Pecos Wind Power
(Somerville, MA)

Pika Energy
(Westbrook, ME)

Primus Windpower
(Lakewood, CO)

Rock Concrete
(Augusta, KS)

Sonsight
(Lawrenceville, GA)

Star Wind Turbines
(East Dorset, VT)

m VT%\‘&
m ﬂ l&‘&"
5
Urban Green Energy Bm
(New York City, NY)

Ventera Wind nl b
(Duluth, MN)

Wetzel Engineering
(Lawrence, KS)

Windurance
(Coraopolis, PA)

Xzeres
(Portland, OR)
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Accomplishments and Progress

CIP Highlight: Bergey Windpower Cuts Costs Nearly 50%

BERGEY EXCEL 10 BERGEY EXCEL 15
- 20-year-old design - 2017 design
+ 9.8 kW + 15.6 kW
= 7-meter rotor diameter - 9.6-meter rotor diameter
« Pultruded fiberglass « Carbon fiber blades
blades - Power control by blade stall
« Power control by furling Levelized
vellz cost
Levelized cost | of energy: 13¢
of energy: 25¢ o per kilowatt-hour
= b
per kilowatt-hour

“

Next-generation, low wind speed technology yields near 50% reduction in levelized
cost of energy, making this small wind turbine cost-competitive with solar (photovoitaics)
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Approach and Methodology

i Adoption Costs
Cost reduction and
performance improvement 101
alone not enough, additional 5 s /“/
drivers include: e |
b
° Adoption :'g- s Financing Performance
* Financing S
agn - 10
e Siting %
* Value of generation B I
4}
>
E Siting Value of Generation
Laboratory efforts focused on 2 "]
better understanding 3 10,
sensitivities of additional
drivers and approaches for . / ’/

addressing them. . : : . ; . . .
2020 2030 2040 2050 2020 2030 2040 2051

Year
mm Breakthrough === High === Reference Low

Impact of different levers on DW market opportunity
from the NREL DW futures Study
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Approach and Methodology

Key Assumptions

Building off similar efforts for
distributed solar, NREL
developed and uses geo-spatial
modeling tools to understand the
market potential for DW in both
behind and in front of the Potential
applications. ol e A i

* Using extensive public and private
GIS data sets

e Screen down from resource to
market potential

 Consider various cost reduction
scenarios for 4 different market
breakouts

* Extensive industry consultation

Energy Sources

P 4
Resource . | Patuntial
. ¥ Bsoune
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Accomplishments and Progress

Distributed wind technology and market assessments: Expanded and more detailed
analysis of behind the meter potential published and front of the meter market
potential analysis initiated, improving industry and WETO market understanding.

Assessment of the Economic
Potential of Distributed Wind
in Colorado, Minnesota, and
New York

Kevin McCabe, Benjamin Sigrin, Eric Laniz,

and Meghan Mooney
National Renewable Energy Laboratory

MREL e a national laboratory of the U.S. Department of Energy
OfMice of Energy EMclency & Renewabls
Operated by e Alllancs for Sustsinable Energy. LLC

Economic Potential (MW) 2018 iy (R e et e e
1 <10 IN:?_!TE?MM?
CI 10 - 30 January 2018
- 30 _ 60 Assessment Of uuuuuuu . DE-AC35-DEGO28308
B 60-90 Development
Bl =920 . .
Potential in
Minnesota
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Approach and Methodology

Working to understand resource assessment and turbine performance for DW
technology, allowing expanded industry knowledge and preparing for additional research

* Document and communicate current practice with turbines in the built environment

* Support for International Energy Agency Wind Task 27 - Small Wind Turbines in High
Turbulent Sites

*  Working with industry to understand and document the approaches for performance
predication

* Development of new data tools to support DW market (Wind Prospector)

* Using turbine modeling tools to update rules of thumb and better understand the
impacts of different resource parameters (turbulence, vertical component)

RESOURCE FACTORS TURBINE LOCATION WIND RESOURCE TURBINE POWER

Off-Site Wind Speed \\
Wind Shear * g WIND \
SPEED \\ _.

Interannual Variability

-
e ;
Terrain (contours) ), >

Obstacles At
<% TURBULENCE
Roughness —t; T BT

Wind Direction
Off-Site Turbulence Intensity
e e TR e e
Air Density ‘* .".'.'-.'. LT ;f#_?}:g'\%_ DENSITY +

Temperature i ‘
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Accomplishments and Progress

Distributed resource assessment: Efforts to better understand the key elements of
wind resource assessment over the wide array of DW deployments have been
undertaken which will lead to a greater ability to develop tools to better model site
specific resource availability.

Select and QueryData [N ER A LTINS _E! NRE_L Wind Pros pector

County & State Borders

Environmental Concern

I Infrastructure
R :
E 1 Land Ownership
g I Regions & Study Areas
: Site Analysis
: Topography

I Wind Resource
4 Distributed Wind Resource
Pressure @ Om
Temperature @ 40m
4 Wind Speed @ 40m
Avg. Annual Wind Speed @ 40m (2007)

Avg. Annual Wind Speed @ 40m (2008)

| | Avg.Annual Wind Speed @ 40m (2009)

<@DImMZm

Avg. Annual Wind Speed @ 40m (2010)

Avg. Annual Wind Speed @ 40m (2011)

: Avg. Annual Wind Speed @ 40m (2012)

i & Avg. Annual Wind Speed @ 40m (.. €5 @) | k
Wind Direction @ 40m

Philippines '* '.

LA Z=Pp=DIMOZTC
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Approach and Methodology

Building off of the DW Market Report, develop a better
understanding of the development costs and DW, benchmarking
those costs and identifying cost reduction opportunities.

* Supporting expanded engagement with DW developers through the formation of
the DW Installers Collaborative.
* Extensive engagement and

interviews with developers 38,000 Financing
to better understand costs, %8000 1 Other Costs
leading to the development #7.000 1 Engineering and Design
of a cost taxonomy g P Zoning, Permitting,
: Z 5000 - = Transportation and Logiics
 Benchmarking of ? oo
. . . g > il Taxes
installation costs, leading to | ¢ :
. . 5 33,000 - m Installation Minus Foundation
detailed technical report on $2.000 | A
cost reductions options 61,000 - I E Tover
® Engaging With key market 50 - N ' N ‘ ‘ ® Turbine System Minus Tower
actors, training workshops R
for federal energy managers = P Turbine Category projects using refurbished turbines

and a workshop with energy

cooperatives
U.S. DEPARTMENT OF ENERGY  OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY 12



Accomplishments and Progress

Distributed wind cost taxonomy
development: The development and
publication of a full cost taxonomy allows
a better understanding and articulation of
system costs, allowing focused efforts to
reduce both hard and soft costs, a key
feature of future industry success.

Distributed Wind Installers Collaborative:
Expanding beyond traditional
engagement with turbine manufactures,
the development of an network of
installers has allowed better
communication across this limited
community while identifying specific
areas of expanded engagement, such as
the development of DW case studies and
dialog with electrical cooperatives,

OFFICE OF ENERGY EFFICIENCY & RENEWABLE ENERGY

U.S. DEPARTMENT OF ENERGY

CapEx - Wind Turbine
System

. Distributed Wind
| Cost Taxonomy

Equipment

Wind Turbine

Customer ARQ
ZPIl
Engineering & Design
Transportation & Logistics
Foundation

Electrical Infrastructure
Installation

Taxes

Other Project Costs

Overhead & Profit

Operations
Maintenance

uu] =» Tierl

Wind Turbine and Tower are Tier 2

= Tierl

e

= Customer A&Q, ZPI|, etc. are Tier 2

=

Financing & Transaction t:us-'f = Tier 1




Accomplishments and Progress
_
Task

Q1 Q2 Q3 Q4 Q1 Q2 (0F] Q4

Competitiveness Improvement Project #

Previous CIP rounds

2017 Round : : : é : : :

2018 Round
DW Technology Analysis

dWind model development

Completion ofthe futures report
State economic potential analysis <>
California state assessment

Front of the meter assessment
Resource and Performance Assessment #
Methodology assessment

IEA Task 27

Wind Prospector

Parameters Assessment

Soft Cost Reeducation and Engagement

Cost taxonomy development
Soft cost benchmarking
Installers Collaborative |

I I I I I 0

All milestones met, although some were delayed due to process and staffing issues

Go / No-Go milestones were more process oriented, relation to analysis decisions
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Communication, Coordination, and Commercialization

Work closely with DWEA, AWEA and other industry partners directly and
through advisory boards to disseminate the results of research efforts.

* Produce multiple technical and VWi Farm

A wind farm is a group of utility-scale wind The electric distribution system moves
. " turbines in the same location used to energy from a transmission substation to
m a rket re O rtS rOVI d I n Va | u a b | e produce electricity sent over transmission houses, businesses, and other energy
y lines. Wind farms are typically greater than users within a local area.
20 MW and may consist of dozens to Transmission

- - . several hundred individual wind turbines Transmission lines conduct large | | Larger wind turbines can also be
I n fo r m atl O n to I n d u Str a n d over a large area, but the land between the | amounts of icity across long directly to the distribution
y turbines may be used for agriculture or distances, linking various regions | | system by a local co-op or utility.

ather purposes. A wind farm may also be of the country together. The v

located off-shore. transmission system connects to

stakeholder —E—

* Presentations at numerous events | [t
including DWEA, WINDPOWER, Small
Wind Conference T R

Businesses
Wind turbines can provide

farms and other businesses
with low-cost electricity, an

 Conduct webinars and other direct
outreach events, such as
informational workshops to expand
industry engagement

"yt . Community Wind k T .
* |nitiated new |IEA Wind Task 41 - e B N B

defined by an awnership model rather and even a cluster of small turbines can be Residential
. . . than by the application or size of the wind used to power schools with clean energy Smaller wind turbines can be used in
E na bl Ta W| N d to CO ntn b ute to a energy systen, Depanding on point of and provide economic benefis. School residential setings fo directly ofsel
interconnection and proximity o end use, districts can take advantage of savings on electricity usage using net metering, where
community wind projects can also be energy bills and in some cases generate power that Is not used by the home Is
characterized as disiributed, revenue. Wind projects provide a great credited 1o the customer as it flows back to

Distributed Energy Future e
 Updated web content

components, such as PV systems
and storage.
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Upcoming Project Activities

Competitiveness Improvement Project (CIP): Annual competitive solicitation
concentrating on turbine testing, advanced manufacturing, and component and
whole system innovation for small and medium-size wind turbine technology.

Tools Assessing Performance (TAP): Modeling and application development to greatly
increase the accuracy and reduce the cost and risks of distributed wind site
assessment, project development, and performance.

Strategic and Technical Engagement: Reduce technical, economic, and market
barriers through strategic and technical stakeholder engagement, including:

= Analysis and Modeling: Collects and analyzes the critical data to support and inform identification of
potential markets and cost reduction opportunities.

= Federal DW Education: Providing educational resources and training to federal energy decision
makers about the appropriate use and integration of DW technologies

= DW Standards Assessment: An assessment of domestic (AWEA SWT) and International
(International Electrotechnical Commission 61400-2) certification standards for DW followed, if
appropriate, by the completion of research or analysis to support the justification of any proposed
standard modification

= International Collaboration: Implementation and operation of a new IEA Wind effort Enabling Wind to
Contribute to a Distributed Energy Future

=  Market Information: Annual development of the Distributed Wind Market Report
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Upcoming Project Activities

Microgrids, Infrastructure Resilience and
Advanced Controls Launchpad (MIRACL):

L ) &
Integrate mpdern dllstrlbuted wmd 'E:.'i & a
equipment into national lab testing f AL
capabilities, develop secure standardized ﬁl J.:ﬁ —
controls and interfaces to seamlessly i—0—. -
integrate with other distributed energy ?}:‘T 1 %
resources in microgrid applications, and @
increase DW capabilities to provide grid B )"
services. |
Defense and Disaster Deployable Wind ®'=generator - e
Turbine (D3T): Develop wind turbine ?Emmrtcr L) 1

design requirements for operational i — controllable
applications such as military and disaster ===:ﬂ: = @ voltage
relief and assess commercially available L L source
technology and technology development

opportunities against operational design

requirements.
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