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’Technolog_y Information

e Description

e Energy savings and
dependencies

e Measure readiness level
e Installed and O&M costs
e Effective life

e Cost effectiveness

Standard practice
Development status
Non-energy benefits
End user drawbacks
Competing technologies

Additional information
resources



’Technical Advisory Groups

Lighting - 2009

HVAC - 2009 & 2010

Energy Management - 2011

LED/SSL - 2012

Smart Thermostats- 2012

Lighting Controls - 2013
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'TAG Scoring

scores expressed on a five-point scale

w

AVERAGE

E3T 2012 LED TAG Scoring
May 4 - June 7, 2012

m Street Lighting
m Outdoor Wall-Mounted Area Luminaires
- Area and Parking Lot Lighting

© Linear Commercial Office Lighting

ENERGY SAVINGS NON-ENERGY READINESS

ADOPTION EASE

VALUE
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Browsing Technologies
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E3T Technologles -- Browse
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Bi-Lovel Stairwell Lighting Controls
Typicatly combine bilevel LED drivers of fluorescent bi-level ballasts and eocupancy sensors 1o reduce lighting levels in

stairwells when the stairwel 15 unoccupled

LED Street Lighting

Frdures that employ td.amtting diode (LED) technology 10 deliver Dettes ight guality and use les

LED Qutdoor Wall-Mounted Area Luminaires
Dewigred 1o Ight walkways and egress areas and provide secundy SgMing for areas adecent 1o bulkdngs ‘Wallraurted

aral Mminaires using hght-emiiting Gode (LED | sowoes e bacaming widaly
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Bl-Level Office Lighting with Occupancy Sensors, Auto-On 50%,

Offico Sgfting that 1urns hisf tha Ighting on whan occupancy 1 detectad The ather half of e sgiting can be trought on
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manualy of turned off as desimed for mare datalled work for guests ¢
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’Technolog_y Summary
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Summary om 10 432
Copper Rotor Motors

Motars up o 20 horsepower with IOWer resistance Jonses In thelr copper rotor
conductor bars, resulling In highar efficaency

Synopsis:

Copper rotor motors are 1 to 20 harsepowar, basic atermating current induction
MOotars with a reducedJoss copper rotor. Resistance losses in the rotor conductor
DS account for about 25% of talal Mator losses, and copper 1otars hisve BB%
fower losses. Roduced eloctrical lmses ransiate 1o loss haat resected into the
motor enclosure. As a resull. a smaller cooling fan can be employed. which
reduces incon and windage losgses and improves motor full. and pan.load
officiancy

E0ergy savingd depand on the horsepownr raling and synchionous spaed of the
motor, efficiency class of an austing operating motor, motor oversizing, loading
impased on the motar by the rotaling equpment, and annual operating howrs
Replacement with 4 Premium Efcency copper total matar shoukd accur when the
oporaling motor tails of if an eusting standard efciency Motor Operales mor
than 2,000 hours a year It s often choaper to purchase a naw Pramium EMclency
coppar rolor motor than 1o repalr 4 falled motot. Savings are greatast when
motars operate for extended penody of ime Coppar rofor motors come in NEMA
and IEC frames, 80 they can be drop-n replacements for convertional matarn

Copper rotor motors generally excesd ihe Premeum menimum fulload eficiency standards by O 6 to 2 percentage points. Copper rator molorn costs are on par with
comventional Premium EMciency motors, so payback s typically immedinte Expectad ile and O&M costs are also very simelisr EMclency curves are Natter, 5o they have
ndded bonafits whan oporatod with adjustable spoed Anves and when loads are fraquently sght

Energy Savings - Manufacturer's Claim (percent): Fram 06% Up To 20%



’Technolog_y Detalls

Description:

Copper rotor motors are basic motors with a reduced-loss copper rotor. Resistance losses in the aluminum rotor conductor bars of conventional induction motor designs
account for about 25% of total motor losses. Copper rotor motors offer improved efficiency as rotor losses are greatly decreased because copper has a volumetric
electrical conductivity about 66% higher than aluminum. Reduced electrical losses translate into a reduction in heat rejected into the motor enclosure, meaning a smaller
cooling fan can be employed, which reduces friction and windage losses and improves copper rotor motor full- and part-load efficiency.

Copper rotor motors are sometimes called "Beyond NEMA Premium" motors. Dynamometer testing indicates their full-load efficiency exceeds the Premium Efficiency
motor standards. Siemens Energy and Automation — the only manufacturer in the U.S. currently licensed to provide copper rotor motars — has introduced a line of die
cast copper rotor motors in North America for general purpose, totally enclosed, fan-cooled TEFC, and IEEE 841 (severe-duty) configurations in ratings from 1 hp to 20

hp.

Standard Practice:

Standard practice is the continued operation of old standard or energy-efficient motors or replacement through purchase, installation and operation of conventional
NEMA Premium Efficiency squirrel-cage induction motors. Premium efficiency motors (copper rotar or conventional) are often 2% ta 8% more efficient than old standard
efficiency motor models.

Motor efficiency standards are constantly evolving, so standard practice evolves as well. In 2012, the U.S. Depariment of Energy adopted energy efficiency standards for
fractional horsepower polyphase and single phase motors. These standards cover motors operating at 3600, 1800 and 1200 revolutions per minute (RPM), and include
capacitor-start/induction run and capacitor-start/capacitor run open motors rated between 0.25 hp and 3 hp. These small motor standards are applicable in March of
2015,

The National Electrical Manufacturers Association (NEMA), whose members manufacture electric motors and several other groups, filed a petition with the U.S.
Department of Energy (DOE) recommending both new and more robust energy efficiency standards for the larger types of electric motors used in commercial and
industrial applications, such as pumps, conveyors and fans. It asks that the standards, if adopted by the end of 2012, be effective January 1, 2015.

Petitioners include the American Council for an Energy Efficient Economy (ACEEE), the Appliance Standards Awareness Project (ASAP), Earthjustice, Natural
Resources Defense Council (NRDC), Alliance to Save Energy (ASE), Northwest Energy Efficiency Alliance, Northeast Energy Efficiency Partnerships, and Northwest
Power and Conservation Council.



’Technolog_y Detalls

Development Status:

In 1995, the Copper Development Association undertook a project to substitute copper for aluminum in the “squirrel cage” structure of the motor rotor. The goal was to
increase motor efficiency.

A short mold life was the limiting factor in achieving a cost-effective copper rotor die casting operation. Copper has a higher melfting temperature than aluminum
(1,083°C versus 660°C). Die life was extended through materials selection (use of nickel-based superalloys) and by preheating the die assemblies to approximately
650°C. Preheating minimizes expansion- and contraction-induced thermal fatigue that leads to premature die cracking. Additional problems that were ultimately resolved
included porosity, die checking and variations in electrical conductivity.

Copper rotar motors were developed, tested, and have been shown to operate with efficiencies above the current (2012) NEMA Premium efficiency levels. They are now
available in the U.S. market at ratings up to 20 hp. Siemens Industry Inc., under license with the Copper Development Association, has introduced a line of “Ulfra-
Efficient” die cast copper rotor motors. These motors are available in North America for general purpose totally enclosed, fan cooled (TEFC) and IEEE 841 (severe-
duty) configurations in 1200, 1800 and 3600 RPM ratings up to 20 hp.

SEW Eurodrive uses die cast copper rotor motors in their gear motor product lines. Conventional Premium efficiency motors are often longer and sometimes have an
increased diameter than their Standard Efficiency counterparts. High power density copper rotor motors fit existing gearbox designs by providing the desired efficiency
improvement with no change in motor dimensions. SEW Eurodrive also produces a line of energy efficient general purpose copper rotar motors up to 50 hp.

Non-Energy Benefits:

The efficiency curve for a copper rotor motor is very flat compared with that of a conventional squirrel-cage induction motor; even a 10 hp 1800 RPM copper rotor motor
maintains a high efficiency down to the 25% load point (values are 92.7% at 100% load, 93.0% at 75% load, 92.5% at 50% load, and 89.1% at just 25% load. This
performance curve is very useful for adjustable speed drive applications or for machines that operate for a portion of the time partially unloaded or at light loads (like an
air compressor with load/unload controls). Copper rotor motors come in standardized NEMA frame designs, 5o a direct retrofit of an old, standard efficiency or energy
efficient motor is possible (mounting bolts line up, and shaft height and diameter are the same).



’Technolog_y Detalls .

Energy Savings:

Rotor losses typically account for about 25% of total motor losses, and copper rator motors offer improved efficiency. Resistance or I2R losses in the rotor conductor bars
decrease because copper has a volumetric electrical conductivity about 66% higher than aluminum. Reduced electrical losses translate into a reduction in the amount of
thermal energy rejected into the maotor enclosure. A lower temperature means that a smaller cooling fan can be employed, resulting in reduced friction and windage
losses. Stray load losses are also exceedingly low for copper rotor motors.

Tests made using the IEEE/ANSI 112-1996 efficiency testing protocol show that copper rotor motors generally exceed the Premium minimum full-load efficiency
standards by 0.6 to 2 percentage points. Typical test results are shown below:

Hp Rating|3600 RPM 3600 RPM 1800 RPM 1800 RPM
Premium Efficiency, %|Cast Copper Rotor Motor Efficiency (note 2), %|Premium Efficiency, %|Cast Copper Rotor Motor Efficiency (note 2), %
1 770 88.5 85.5 86.5
2 86.5 88.5 86.5 87.5
5 88.5 902 89.5 902
10 902 917 917 924
20 91.0 924 93.0 936

1. Courtesy of the Copper Development Association
2TEFC, 2-pole (3600 RPM) and 4-pole (1800 RPM) motors. Nominal efficiency at full-load per manufacturer's catalog.

Assuming 8,760 hours per year operation for an HVAC fan (typical of a hospital application) with 100% loading, the expected energy savings due to installing and
operating a copper rotor motor are 1185 kWh/year for a 3600 RPM, 10 hp mator and 540 kWh/year for an 1600 RPM motor. A 20 hp, 3600 RPM motor would yield
savings of 1,088 kWhiyear, while an 1800 RPM, 20 hp motor is expected to save about 900 kWh annually. While the savings are small on a per-motor basis, large
facilities may operate many small HVAC mators.

Energy Use: k\Wh per year, per

Energy Savings Dependencies:

Energy savings are dependent upon the horsepower rating and synchronous speed of the motor, efficiency class of an existing operating motor, motor aversizing, the
loading imposed on the motor by the rofating equipment, and annual operating hours. Generally, motors should operate more than 2,000 hours a year to justify an
immediate change-out with a Premium Efficiency motor. Otherwise, the motor replacement should occur when the operating motor fails and requires repair. For motars
that are 20 hp and below, it is often cheaper fo purchase a new Premium Efficiency copper rotor motor than to repair the old motor. Savings are greatest when motors
are operated for extended periods of time.



Technology Detalls

FirstCost

Copper rotor mokos costs are compeiitve with conveniional. aluminum squirel cage. NEMA Pressum Efcency motors of equal or iower eficiency. (Nofe- mosor cosis
are constanily changing, due 0 changes in the commeodity prices for copper. aluminum and core ron | Motor costs may vary from 20% fo 80% off ist poce, with discourt
r2i=s basad on customer purchass lisiony and suppliers poioss.

Incremental installed Cost:

O&8M Cosis:
0&M cosis should be comparable o these of standard aluminum cape induciion moiors. Mainienance consisis of periodic Cieaning of mokor Co0ing fins and inist grills.
and alignment tesing

Effective Life:

There is no major difierence in the ife of 2 copper rotor versus 2 Sandard squiel cage indecion motor. Motor beanings 2nd coupling should exiibit comparable es o
those of conveniona! motors. Tests have shown that the temperatire rise of a copper-sotor motor is comionably wilhin Class B (40°C) imiis. Becasse fie windings are
equipped with higher temperaireraied Class Finsuiaton 2 long winding insulation e isesperiad

The US Depanmen of Energy performed a nafional impact analysis in support of fesr proposa! fo increase the enery eficency siandards for commercal and
indusinal motors ("Preiminary Technica! Support Document: Energy Eficency Program for Commercal Equipment Enesgy Conservation Standards for Blecine
Motors * July 23. 2012} They assumed average moior operaiing ifeiimes of 5 years for 1 1o 20 hp motors used i indusinal appications. with 14 o 15 years assumed
green 2 commercial secior applicaiion. Motors in that size range usad in agnculiural appliczbons were assamed 1o have average [feime of 12 vears. (Motor mechanical
ifeimes of about 32 000 howss are assumed Operzing 72 s then determined by dviding e mechanical FFsime by e expeciad annua! operaing howuss )

Cost Effectiveness:

F0r new moior purchasas. e smoke payback for s fechnology can be immediais because the prce of e copper rofor motormay wel beless fanfeprce of
NEMA Premium Eficency squirrel cage induciion motor. When replacing exesting motors at hair ime of fallre. The Smpie pavback depends on many vanabies,
inciuding nesw mokor st price discount (which can vary by cusiomes, changing the simpie payback by a facior of 2 1o 6), repair cosis for the faiied motor, annual operaing
howrs, motor ioad or ioad profiie_ uBlity rates for both energy and demand charges, and the avaiiabity of uliily incenfives.

Competing Technologies:

Compeiing technoiogies include repair and refum 0 senace of faiied standard or Premium Effcency motors F 2 replacement motor is specfied. the end user may
seiedt 2 conventional, squirrel cage, NEMA Premium EfEcency inducion motor ffechnology 2230}, 2 peamanent magnet mokor (flechnology 2431), 2 switched reluciance
moior {lechnology 2433) or 2 ine-start permanent magned motor (lechnology £434) The permanent magne! and swilched reluciance molors 218 more Spensive

and require 2 controlier than gives them vanabie speed capability, which increases sawngs in 2pplications where vanabie flow may be prowded o mest process
requiremens. Because these motors do nof come in Siandard NEMA fame sizes, they are not drop-in repiacemens.



» Gearless permanent
magnet synchronous
motors

« Advanced materials
such as traction belts
Instead of steel ropes

» Motors with
regenerative braking
capability



 Translucent pipes that
collect light from
outside a building or
from an artificial light
source

» Conveys the light to
locations within a
building’s interior
where conventional
daylight can’t reach
effectively




’LOW-E, High Visible Trans. Film

« Thermal efficiency equal
or better than most films
(U=.61)

* VT=70% on single-pane
« Consumer selling point is
light—happy people with

views using less electric
lighting




’Anti-fog Film for Cold Cases

 Film installed inside :f
reach-in supermarket .
refrigerated cases | ¥

—~ 71

» Greatly reduces L

condensation and the P Y

need for anti-sweat
controls, thus reducing
energy use

 Also reduces
compressor load



’Varlable Refrigerant Flow (VRF)

» Heating and cooling

distribution through

refrigerant piping rather T
than ductwork

« Transfer heat among
Z0Nes

» Variable-speed fans and
COMpressors

' b d]

Photo Courtesy of MitsubishEE(E

* Very popular in Asia Cooling-and,Healing Solutl
and Europe



’Smart LED Street Lighting

 All the energy
efficiency and long life
of LEDs

« Controllable light levels
for time-of-day, events,
emergencies, and
occupancy

Pholo'councsy‘p‘liblﬂicc of EERE



’CO Heat Pumps

 AIr or water-source heat
pumps that use CO, as a
refrigerant; less GWP

e Produce hot air or water
while generating chilled
water or air

« Common In Japan
« Combined COPs upto 8

* Industrial model available,
residential model soon




’Glazing Aerogel

» R-value/inch up to 10+

 Translucent, allowing
glare-free diffused light
through

 Can be customized to
allow more or less light
through according to
customer specifications




’Smart Thermostats

« Web-enabled
« Smart-phone accessible et

+ Self-learning A

= IN20MIN

» Occupancy sensors

g

« Weather forecast inputs

e Data sent to utilities and
third parties

» Energy tips



’Liquid-cooled Servers

 More efficient to cool a
small amount of liquid
than a lot of air

* Three examples:

o Water-cooled server
racks

o Spray cooling

o Submerged servers
with dielectric oil




’Circadian Light Color Tuning

. Adjusting the level and L
color temperature of "
lighting at different
times of the day to
avold disrupting
circadian rhythms, the
biological cycles that
can impact productivity
and sleep

Photo courtesy of DOEN\ViREL,



ﬁump Coatings

* Pump coatings to
Improve pumping
efficiency by reducing
friction losses

» Most cost-efficient
when applied to new
pumps and considering
change In pumping
characteristics




ﬁermanent Magnet Motors

* |Industrial motors with
powerful magnets on
the rotor to reduce rotor
resistance losses

« Exceeds "Premium"
Efficiency levels

» Provides variable speed
operation when
controlled by a drive



» A process to stabilize
wine prior to bottling

« Cuts energy use by
about 80% compared
with traditional cold
stabilization, which
Involves keeping wine
In bulk storage cold for
long periods of time

- . .
. 7.
1 -

’Electrodialysis for Wine Industry
=
' tay : A

S
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’Showcase Webinars

« LED Parking and Area Lighting

 Image Processing Occupancy Sensors
 Variable Refrigerant Flow (VRF)

« Smart Residential Thermostats

« Advanced Rooftop Unit Controls

« Demand Ventilation Control for Kitchens

« Advanced Lighting Control Systems

* Low-Energy Precision Application May 22!



’W estern’s Hotline

e Free hotline for Western customers and those
serving them, including engineering assistance

 Efficiency and renewables, all sectors
 (800) 769-3756 B s

e

— Sy e Submit a Technical Question

e Sees oy Saene

Energy Experts Hotline Technical Assistance Request Form

L.
-
e emeeees

e -




’I\/Iore Information e

Rob Penney, WSU Energy Program
(360) 956-2053, penneyr@energy.wsu.edu

E3T Database & Webinars: www.E3TNW.org

Questions?

WASHINGTON STATE UNIVERSITY
EXTERSION ENERCY FROGRAM
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