SuperFiw

superior performance.
powerful technology.

Development of 2G HTS Wire for
Demanding Electric Power Applications

O
o
-0
Traute F. Lehner — Sr. Director of e ne |" mat
Marketing & Government Affairs NEW MATERIALS FOR ENERGY

www.enermat.eu

June 20-21, 2011
Santiago de Compostela, Spain

pH ".I PS SuperPower Inc. is a subsidiary of Royal Philips Electronics N.V.



Superftwer .

Topics

The HTS market application and device opportunity
Critical Success Factors to accelerating market adoption
SuperPower’s wire manufacturing program

Continuing technology development

Looking ahead

ENERMAT = June 20-21, 2011 = Santiago de Compostela, Spain



FOwey

arket Sizing Model & Analysis

Defl.n{tlons Emerging

: Sizing Markets
Segments: Dri Metri New Technology
+ Energy/Utility rivers-Metrics Wi Segments:
e Industrial Trends R0 « Renewable Energy
 Science-R&D . Billion » Energy Storage

» Environmental

Devices:
= Cable Devices:

= Generators = Wind Generators

» Transformers .
.« ECL HTS Addressable SMES :

» Oil & Gas Exploration
= Motors 1 tO 10%

» Space Exploration
= etc.

= MRI - High field magnets
= etc.

Driven by Adoption Rate
Market Sizing

M Conventional 1-5% Emerging 5-10%
P

angé

of Size R

X d

W . Lowa g3
T o '
§1.5 g2.5 Billlo" ES T High 33 oMo =8r'd
Low ; - 125 gilllon ES 10 Bi¥on STy
High$" Combined Conventional & Emerging Markets

Addressable Market Size — HTS Devices/Products *HTS Represents *
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Low $4.0 to $7.5 Billion <> High $12.5 to 22.5 Billion Device/Product Value
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HTS device portfolio -
What are the winning devices?

Energy Defense Transportation | Industrial Medical Science/
Research
e Cable (ac, dc) * Motors, * Maglev e Induction e Current * HF magnets
e ECL propulsion « Motors, Marine heaters leads * Space
« Generators » Cable, propulsion » Motors,  MRI exploration
_Wind degaussing | e Rail engines industrial « NMR « SQUIDS
—Utility * Directed * Generators « High energy
» Transformers, separation * Electronics
incl. FCL * Bearings « Cell tower
- Storage Igase station
filters
—-SMES
—Flywheels
(Bearings)
Key:

* Near-Term addressable by 2G HTS - 1-5 years
« Government interest/funding - Mid-Term 3-7 years

* Longer term/other - 5-10 years
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What does it take to accelerate the HTS adoption
rate toward commercialization?

Technology advancement Reduced business risk
o Wire * Price must be competitive with
— Meet performance parameters alternative technologies
— Achieve competitive price  Meet or exceed customer
— Increase throughput / supply expectations
* Providing a robust product portfolio — Supply
— Market / device-driven — Quality
e Continuing device demonstrations — Performance
— Government funding * Provide superior customer support

— Strategic partners
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Driving Demand

Wire ($/kA-m)
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SP has a proven track record in cost-price performanc
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Wire ($/kA-m)

Rapidly Decreasing 2G
Wire Costs 2008-2012
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Magnetic Field (T)

SuperRlwey .
Technology roadmap to realize large market potential
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Application-specific requirements for HTS wire:
Superior performance in operating conditions

Operating

Operating Temperature Additional Wire needed per
Application Field (Tesla) (K) requirement device (kA-m)

0.01-0.1 (ac) 40,000 -
Cables 0.1-1 (dc) 70 -77 Low ac losses 2 500,000
Wind/Off-shore
oil platform 1-3 30-65 In-field Ic 2,000 - 10,000
generators
Transformers 0.1 65 - 77 Low ac losses 2,000 - 3,000
Fault current 0.1 65 - 77 Thermal 500 - 10,000
limiters recovery
SMES 20 - 30 4.2 -10 In-field Ic 36,000 - 500,000
Automotive 2.5 30 - 65 Low ac losses 500 - 1,000
motors
Aerospace 2-5 30-50 Light weight 1,000 - 2,000
Magnets/coils 5 — 30+ 4.2 - 40 Long lengths, 200 - 2,000

persist joints
SuperPower is well positioned to service these markets. 8
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ARPA-E SMES development
UNIVERSITYof HOUSTON

ABB

* Funding: DoE ARPA-E $4.2 million
(Total program = $5.25 million)

« Project timeline: 2011-2013
* Partners:

ABB, Inc.: project lead, power electronics
Brookhaven National Lab: SMES coll

SuperPower Inc.: 2G HTS wire, coll
development

University of Houston, TcSUH:
manufacturing improvements for wire cost
reductions

NATIONAL LABORATORY

Objective: proof-of-concept of modular,
scalable SMES system by integrating an
advanced power conversion concept with
superconducting magnet coll

20 kW UHF SMES device with capacity of
up to 3.4 MJ

Field of upto 25 T at 4.2K

2G HTS wire with high critical currents
(~ 800 A) to drive down price/performance

Capable of flexible connection to medium
voltage distribution networks at 15-36 kV

Relevance:

High power and high energy storage in a
compact device with cost advantages in
material and system

Modular units for both long (hours) and
short term (seconds) storage requirements
to help load leveling on the grid being fed
by variable renewable sources
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DoE Smart Grid SFCL Transformer
Demonstration i‘-’ﬁ'ﬁﬁiﬁﬂﬁ UNIVERSITYof HOUSTON

AN EPX COMPANY

* Funding: DoE Smart Grid Demo $10.7M * Benefits
(Total Program = $21.5M) — Greater efficiency
« Partners: — Smaller, lighter, potentially quieter
— Waukesha Electric Systems — Safety: no oil for cooling
— SuperPower — Can run indefinitely above rated power

Uni itv of Houst without affecting device life
- University ot Houston » Add FCL feature ...

» Project ob_Jectlve: — Compatibility with Smart Grid requirements
— Design, develop, manufacture and test « Incorporation of FCL feature to

SmartGrid-compatible SFCL Transformer 4

s rapidly detect and limit surges at high
« 28 MVA 3-phase FCL Medium Power Utility =  power levels that can be handled by

Transformer (69 kV / 12.47 kV class) o0 (8 downstream equipment
* Testing on So. California Edison Smart % -

. = 30-50% reduction of
Grid site in Irvine, CA — expecting 2 years : = prospective fault current
of grid operation #

— First transformer to use significant
amounts of 2G HTS wire

 Relevance:

— Smaller footprint than conventional :
transformers, enabling existing substations ™
to increase distribution capability without
expanding into limited or expensive real
estate

ENERMAT = June 20-2
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SuperPower’s Wire Architecture and
Production Methods
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Thin film-based 2G HTS

Electroplating

Copper Stabilizer

Sputtering
Silver Overlayer

MOCVD
(RE)BCO - HTS (epitaxial)
IBAD/Magnetron Sputtering
Buffer Stack

Electropolishing
Substrate

e« 2G HTS wire is produced in an automated, continuous process
» Cost-effective materials architecture:

— 95% of the structure of 2G is comprised of inexpensive nickel alloy
substrate and copper

— Only 3% of 2G is made of silver, compared to 70% in 1G
— About 40 times less HTS in 2G than in 1G
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Pilot Substrate
Electropolishing

e 5m |_Test Rig

Strong, concentrated emphasis on manufacture of high quality,
long length 2G HTS wire to satisfy market demand
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State-of-the-art, novel equipment
Modular processing for maximum flexibility
Integrated quality systems

Designed to scale for high throughput to meet
market demand

Skilled and dedicated workforce

ENERMAT = June 20-21, 2011 = Santiago de Compostela, Spain
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2G HTS wire offers superior mechanical properties

5 times higher yield stress than RABITS-based wire
Higher critical tensile stress

Higher tensile strain
Higher bend strain

Stress (MPa)

800
SP 2G HTS
600 High Je
400
High Strength
1G HTS Low Je
200 i
i
Nb3Sn
Low Strength Moderate Je
1G HTSModerate Je
0 ' ‘ '
0 0.1 0.2 0.3 04 0.5
Strain (%)
16
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2G HTS wire allows operation at higher
temperatures and in higher magnetic fields

—&— YBCO (H/lc) ---o---YBCO (H//ab) o NbTi
——+——Nb3Sn (Internal Sn) Nb3Sn (Bronze)
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Product offerings

SF12100

/ i = insulation

Wire Architectures:
SF3050, SF4050, SF6050, SF12050
/ SCS3050, SCS4050, SCS6050, SCS12050 p*

CF = Cable Formulation

| Wire Formulations:

2> | AP = Advanced Pinning

ENERMAT = June 20-21, 2011 = Santiago de Compostela, Spain
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Expanding manufacturing operations to meet customer
demand

Increasing annual capacity:

Improving manufacturing efficiency & effectiveness:
Yield
Throughput
Quality assurance
On-time delivery
Cost improvement

Product engineering/application support
Quality certification
New product development
Technical support

Coll design, engineering and fabrication
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SuperPower Wire: Competitive Assessment

Performance at 77 K,

zero field (4 mm wide) 100 to 150 A 80 to 100 A SP SP SP
nfeormmagnele 5 2w -
ac losses Medium High SP SP SP
Engineering current ox 1x Sp
density

Strength 700 MPa 250 MPa SP
Resistivity High Medium SP
“Stiffness” Medium High -~ Others
Production volume ~ 300 km/yr 10 to >300 Others

km/yr ?

We continue to widen our advantage in performance, lift factor and ac losses
through our continuing technology development program
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Technology Update and Outlook
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SuperPower R&D operations at U of Houston

« SuperPower scientists at U of Houston fully focused on R&D
* Research-scale deposition systems in place for trial runs
« SuperPower staff work with research students and university staff

* Enables clear focus on next generation of technology advancements
» . -_. —- - H =:._=_-—-ll! e ———
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Technology development goals

Achieve higher amperage Increase in-field performance

e Lom Lo

lcat77 K * 100-130A 200A 300A

200

T Standard 2G HTS wire
100 —/~—New enhanced 2G HTS wire
] e— Goal

* 4 mm width

Critical current (A/4 mm)
'_\
@]
X
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Improve throughput and reduce cost
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SuperPower 2G wire program strategy

» SuperPower’s technology operations consolidated in Houston, allowing total
focus on manufacturing in Schenectady.

Manufacturing objectives Manufacturing Technology

» High yield, high volume Operations in NY in Houston
operation

» On-time delivery of high- SuperPower | UH
quality wire Manufacturing in SP staff in §ubcontract

« Incorporate new technology ~ Schenectady, NY | Houston 1N DOE-SP
advancements ~ brogram

Technology objectives

» High performance wires

« Highly efficient, lower cost CRADAs
processes

+ Advanced wire architectures . Customers

. Successful transition to o] Lt

manufacturing
Best of both worlds:
Strong, concentrated emphasis on manufacturing AND technology development

ENERMAT = June 20-21, 2011 = Santiago de Compostela, Spain
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Planning ahead: Specialty Products Facility in
Houston

TN = q -

 New SuperPower facility at Loca&gn Ve Superpgwg

UH Energy Research Park — SR et el =

opening August 2011

* Bridge between R&D and
Manufacturing

e 5" MOCVD system
procured by UH being
installed at SPF

* Post-HTS processing
and test equipment to also
be installed

ENERMAT = June 20-21, 2011 = Santiago de Compostela, Spain

25



Huge progress in wire performance in 2010

10.00

—+—18 K ——18 K undoped
=40 K -=-40 K undoped
——65 K ——65 K undoped

condition

‘Lift Factor’ in operating

0.10

2 3 4 5 6 7 8 8
Magnetic Field (T)

Lift factor from 65 K 40 K 18 K
77 K, zero field |_ 3T 3T 3T
Our standard 027 | 1.02 | 213
(undoped) wire
Advanced pinning
(AP) wire 0.73 1.99 3.50
Lift factor of AP wire
77 K zero-field I of 2009 wire = 100 A
77 K zero-field I, of 2010 AP wire =130 A
Lift factor of AP wire
(including higher zero | 3.5 2.5 2.1

field Ic) is higher by

ENERMAT = June 20-21, 2011 = Santiago de Compostela, Spain
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Lower cost to customer ($/kA-m) while
maintaining wire price ($/m) - our approach for
Increasing sales

Performance | Lift Factor at | Performance Wire price ($/kA-m)
at 77 K, device at device at device operating
zero field operating operating condition
(4 mm width) condition condition
Now 100-130 A 2 260 A $40 $150 +
2 years 160 A 4 640 A $35 $ 55
4 years 200 A 6 1200 A $35 $ 30

Improving wire performance is the key to the success of our approach

ENERMAT = June 20-21, 2011 = Santiago de Compostela, Spain
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Significant price improvements projected

through technological advancements

» Prototype device market
N 100 -+ _ e Do
g
.g 1 0 ...... 3 T
a Small commercial market 0K,
—@0K 3T
Medium commercial market
1 Large commercial market
Now > 2016

» Price reduction due to improvements in zero-field critical current, retention of in-field
critical current, and cost reduction ($/m)

» Applications that involve magnetic field benefit from the additional improvement factor
of in-field Ic retention

* Increasing market opportunities with decreasing price at operating condition
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Looking ahead:
SuperPower’s primary areas of focus

Scaling up manufacturing operations to ensure supply
Further advancing the technology

Working with customers to understand and meet their needs
Collaborating to ensure success

Participating in device demonstrations

Meeting the price / performance challenge

Working closely with all of our stakeholders

Thank You!

WWW.SUperpower-inc.com
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