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LED* for Street and Area Lighting

Source: Retrieved February 2009.

LED - Light Emitting Diode, a semiconductor
material that when energized emits light.

EPR2 | s

Light Patterns and Color Vary

o 2015 Electic Power Research Istiute, 1ne. Al fghe resere (= =] |
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Example Audit Outdoor Perimeter Lighting Replaced with
LED

= The plant has replaced 20 of their 96 outdoor
metal halide lights (454W each) with LED
units (56W each).

— Saving $1760/year

= LED units will cost less per year to operate,
but payback is over 5 years.

= Replacing all outdoor units with LEDs could
save $6.7k/year, but at a current expense of
about $38k.

Technology  Cost/Fixture  Total Fixtures kW/Fixture Hrs/Year KW Total kWH Total Cost/kWH Cost/Year

Metal Halide $216 1 0.458 4380 0.458 2006.04 0.05 $100.30
LED ~$500 1 0.056 4380 0.056 245.28 0.05 $12.26
Savings $88.04
Costs $500
Payback 5.6 Years

EFE | RESEARGH isTiTuTe
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Baskar Vairamohan, PE, CEM
EPRI Project Manager
Technical Leader, Energy Utilization
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Motors & Motor Driven System

= Motors and Motor driven systems account for
nearly 50% of global electricity consumption

= Typically used by various industries and large | -
buildings to drive:

— Pumps

— Fans

— Compressors

— Traction systems

— Industrial handling and Process equipment

57

Motors and Drives — Pumps, Fans and Compressors

Air- Compressor Industrial Fans

e e— |

Industrial Pumps

Photo Source: http:/toritdust.com/parts/fans.
http://www.i com/

Y-CONLACI-CO0IEU-AIT-COIMNPIESSOIS/TTEUIUNTI-

http:// I i bowie_industrial.htm|
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Global Perspective

= Electric motor-driven systems makes up about 19 percent of the global
electricity demand

— This is more than twice as much as the next-largest user, lighting

= Electricity consumption by motors could double to 13,360TWh per year by
2030

— Equivalent to emitting 8,570 million tonnes of CO2

= End users are now spending about $565 billion on electricity to power
electric motors

— This could increase to $900 billion by 2030 without improvement
= Use of high-efficiency motors alone could cut energy consumption by 4-5%

= By adopting the best technologies, the world’s electricity demand could be
cut by 3,890TWh a year by 2030

— Equivalent to reducing CO2 emissions by 2,490Mt

Source: IEA, Energy-Efficiency Policy Opportunities for Electric Motor-Driven Systems, 2011

Electric Motor Use and Energy Savings in US

= U.S. Installed Base is 90 Million Electric Motors
— Industrial & Commercial Electric Motors is 40 Million

= According to DOE estimates (1998), potential industrial motor system
energy savings using mature, proven, cost-effective technologies range
from 11-18 percent of current annual usage or 62 to 104 billion kWh per
year in the manufacturing sector alone

— Savings is valued up to $5.8 billion
— Reduction of CO2 emissions of about 29.5 million metric tons annually

= DOE (2010) estimates that the new small motor efficiency rule will save
2.46 quads of cumulative energy over 30 years (2015-2045)

— 2.13 quads of savings result from standards on capacitor-start (single-
phase) motors

— 0.33 quads of savings result from standards on polyphase motors

2015 Electric Power Research Institute, Inc. All fights reserve EPI2] | i
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Globally, the motors & drives market are growing...
2010 Low Voltage AC Motors Market
Market Sipe (58] and Growth
20,000 SISAS0 - 300% WRrverue
Growth
18000 Motors S169048
2008
e 5147385
14000 4
- $12.0190 | wow
F 1200 | S1n4a07 o
“E \ sio1i7a g )
2 10000 55,0046 ame 3 2010 Low Voltage AC & DC Motor Drives Market
B 7 Market Size ($M) and Growth
T Z
10.0%
L 20,000 20.0% . Revenues]
Growth
4,000
i e i $16082.4
2000 16000 Drives :
$14,160. 10.0%
? 2008 009 oo m1 o 13 wie i = oo s126i42
2 g 12,000 $11,260.6 e
2 g
g o000 | $1000 $9.947.1 % §
2 8000 B
6,000
-10.0%
4,000
2,000
2008 2009 2010 2011 2012 2013 2014
Souécle IMS Research 2010, Presented at EEMODS 2011
u

Industry Breakdown of Low Voltage Motor Drives Market

2008 Low Voltage Motor Drives Market

Industry Breakdown
Commercial Food, Beverage &
HVAC Tobacco

12% %

Other Industries Metal Processing
40% B%
Paper &
4%
Reneviable
%
tilities
AL % 3%
Source: IMS Research 2010, Presented at EEMODS 2011
62 [t
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Product Type Breakdown

2010 Motor Drives Market
Product Type Breakdown ($M)

Medium AC Compact
Voltage $1,900.3
$1,836.3 16.1%

15.6%
DC
$327.3
28% T
AC Premium
$:,17;);.6 \_AC Standard
=7 $4,012.9
34.1%

Source: IMS Research 2010, Presented at EEMODS 2011

© 2015 Electric Power Research Institute, Inc. All rights reserved.

How to increase productivity through motors?

Improving Production Efficiency can be broken

down into three main categories:

1. Improving motor efficiency or using advanced

motors
2. Correcting for motor over sizing

3. Improving the total process efficiency / eliminating

system losses

© 2015 Electric Power Research Institute, Inc. All rights reserved.
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Motors

Haorse Power (HP)

Energy Independence and Security Act of 2007 (EISA 2007)

= Uses NEMA MG1 standard as basis for regulation

65

© 2015 Electric Power Research Institute, Inc. All rights reserved.

+ Ganaenl Purposa 24 6.8
polle motors

& NEMA Dis B of IEC
Design N

4 Not more than 600V

HEMA MG1 Energy Efficiency
{EPAct) Table 1211

1200 HP 701-500 HP
Previousty Not previously
covered by EPACt cavored by EPACt
& General Purpose & U-Frame Molors. = RS
 NEMA Design A or B or + Dasign © ¢ Sigle-Phase Mot
IEC Design N '+ Close-Coupled Pump 4 DC Motors. ik
© 1.200HP 2.4 G-pole Molors. ¢ Two digi Irames (48-56)
+ 230MB0V, 00 He & Footiess < Muls-Sgeed Mators
+ Honzontal Base Mount @ Virticad Sokd St Normat :'._B’w" Legid
Witn P-Bas ¢ TENV A
o O-Fange & B-peks Mokors < Dusign O with High Stp.
& Inchudes IEC Metric. @ 3-pharse motors of nol mors e
Frama Molces from 80 than BOCY (Other than 230 -WM
Frame - Up (Except 100 of 460 V mchors) QTR
Frame) 12004 Ll it
& Iniogral wkh Gearing or
“-“ e Motor Cant
NEMA MG1 Promium Efficincy  NEMA MG1 Energy Eficienc, o Usedd Separstety
Tables 1212 and 1213 (EPACH Tabte 121 | @) Smerstie motors
_

Energy Independence and Security Act (EISA) 2007 — Electric

= Expected to save 9.8 TWh of energy over next 20 years and reduce peak
demand by 1.341 TW - equivalent to three coal plants (ACEEE)

= New electric motors (baring some exceptions) between 1-500 HP covered
= Small electric motors (2-digit frames) exempt — separate legislation planned

Err |

EISA 2007 — Penetration

(Source: R. Boteler, Chairman NEMA Energy Committee)

2008 2008 2010 2011 2012 2013

Years

= Significant utility prescriptive rebate programs

= Worldwide adoption of standard

© 2015 Electric Power Research Institute, Inc. All rights reserved.
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Impact of EISA 2007 on Motor and System Manufacturers

Iron Losses
F
¢ ©O #EPAC
& W NEMA Premium
4
=

15

Langer stator steel stack = 1980 19885 1990 1995 2000 2008
with thinner laminations

Year

= Impacts motors sold separately as well as motors integrated into
systems (pumps, compressors,...) — must meet EISA 2007 mandates

= Not expected to pose any serious technological hurdles to motor
manufacturers

= Motor system manufacturers must factor in performance differences due
to high efficiency motors (namely higher speed and low slip)

= Requires independent-third party certification and detailed record keeping
= Stiff fines for violations

2015 Electric Power Research Institute, Inc. All rights reserved =P,z I Rt e werTTHITE

Impact on End-Users

= Premium efficiency motors may cost anywhere from 15-30% more than
standard efficiency motors

— End-users must conduct ROI analysis prior to considering replacement

380000
Curvulative enargy sost savings
o 15 pears

sa00
P —
ss0000 e e
. $46,080
suacen
20000
20000
Jrp—
vk
siao00
Motor purchase and Sd.008
ks o
o . ]

— ? 0 ™

2538
2 Yem

efficiency

— Several electric utility rebate programs also exist that can incentivize
end-users to replace old motors with high efficiency Premium motors

EPRI |,

2015 Electric Power Research Institute, Inc. All rights reserved
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Impact on Motor Technology

Line- T TET TE2 1E3 TE4 TES
Start
Three-phase cage-induciion motors (ASM) Yes OK OK OK Difficult No
Wound-rotor induclion molors Yes OK OK OK Difficull No
Single-phase induction motors (one capacitor) Yes OK | Difficult No No No
Single-phase induction motors (two  switchable | Yes OK Ok Difficult No No
capacitors)
Permanent-magnet synchronous motors (PMSM) No Ok Ok Ok Ok Difficult
Wound-rotor synchronous motors Some | Ok Ok Ok Ok Difficult
Line-start permanent-magnet motors (LSPM) Yes Ok Ok Ok Ok Difficult
Sinusoidal-Tield reluctance molors Some | OK [o] 4 OK Difficull No
Source: Dr. Matin Doppellbauer, IEC 60034-30 2" edition Rotating Electrical Machines Efficiency Classes (IE-Code)
* 2015 Electc Power Research i, n. Al igts reserved =PRI | .,

Partial Load Efficiencies of 75 hp, 1800 rpm Motors

#

= = Energy Efficient == = Premium Efficiency@ = PFM

bz

a7 /
o

% EFFICIENCY

— = Permanent Magnet
/ /s - | Motors shows higher
efficiency at lighter

gf‘ j“ L -

S Lt Tt L loads
94 Fa i

( L
*
a3 £
r

’

oz — : : : :
o 20 40 &0 80 100 120
% LOAD
Source: Baldor Motors presentation at ACEEE 2011

EPR2I | wliaiam
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Results — Lower Power Consumption

Input Power vs. Speed, 12° Blade Pitch

[ = PMMotoriDrive = Induction Motor (2-SPEED)Gearbox |
40.00
mif
35.00
.33, Ind. Motor Power
30.00 ra
-

g s/
& 25.00 >
5 - PM Motor Power
g 2000 *
a . -~
S 1500 - )
5 PR ~12% energy sgvings @ full load

10.00 =

55 -~
5.00 i)
0.00 T T T T T T 1
40.00% S0.00% 60.00% 70.00% 80.00% 0.00% 100.00% 110.00%
Percent Speed

1 Source: Baldor Motors presentation at ACEEE 2011

EP2 | s

Levels of Motor and Process Efficiency

First Level Improvement

= Better (More Efficient) Motors
— EPACT Standards

— International Standard

— NEMA Premium Efficiency

‘l 10HP Standard ® 10HP Premium

1001

901

801

Motor Efficiency (%)

70-
25% 50%

75% 100%

Percent Motor Load

2015 Electric Power Research Institute, Inc. All rights reserved

EPR2I | wliaiam
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Levels of Motor and Process Efficiency

* Variable Speed Drives

Second Level |mprovement — 10%-50% Process Improvement
— Application Limited
— Widespread Acceptance
‘l 10HP Standard ® 10HP Premium O 10HP w/ASD ‘
1001
S
g 901
2
2
5 801
o
=
70+
25% 50% 75% 100%
Percent Motor Load

EPE | ik

2015 Electric Power Research Institute, Inc. All rights reserved

Levels of Motor and Process Efficiency

* Vector Control Drives
— Improvement on ASD Efficiency
— Opens up New Ap. Opportunities
— Highest Efficiency at all Loads

Third Level Improvement

|m 10HP Standard m 10HP Premium O 10HP wASD ® 10HP w/FOC|

100

g
& 904
c
OJ
o
i}
5 801
o
=

70-

25% 50% 75% 100%
ASD — Adjustable Speed Drive
Percent Motor Load FOC - Field Oriented Control

EPE | s

2015 Electric Power Research Institute, Inc. All ights reserved
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Example Vector Control Drives

http://www.losungautomation.com/images/mitsubishi-pic.jpg

http://http://Iwww.avespeed.com/list.asp?id=519

awte
© 2015 Electric Power Research Institute, Inc. Al rights reserved

Motors and Drives - Minimum Energy Performance Standards
(MEPS)

1-500 HP

Eff 1: High IE1: Standard Premi :
EF 2: Improved (equiv 10 EPAC) —1E2 High foquiv o EX2 and EPAGY f?iefezrsﬂ"uﬂs‘ﬁfn?’: AN
Eff 3: Standard Eﬂ;\cwency Classes  |E3: Premium Efficiency Classes premium) and migration to drive
‘CEMEP (Europe) IEC 60034-30 (Worldwide)* integrated systems®

1992 1998 2007 2008 2010 2015

. g Ultra-premium Efficiency
1200HP: 76.7-93.5%  1-200 HP: 82.5-95% . B ow ™ 0.25-3Hp (2-digit  (1-2% > [ESINEMA
Pre-EPAct EPAct (USA)' e frames) Premium)

NEMA Premium
Efficiency DoE Small Motor

3 Efficiency
EISA 2007 (USA) 10 CFR Part 431 (USA)®

v

‘Copper rotor/superconducting motors
Induction motors better lamination, tighter Motors with ceramic bearings -
tolerance, better winding Enhanced magnetic texture steel (EMTX)

Standard induction motors

Increasing penetration of variable speed motor systems.

(BLDC, Switched reluctance, PMSM motors) PM motors (DLPMSM) and other

advanced motors (SynRM) needed to
meet IE4

Direct drive applications to improve system
efficiency

TE ELECTRIC POWER

10-26-2015
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Electric Motor Use

*Process motor systems account for
63% of all electricity used in industry

=Most motors are at least 30% under
loaded

= A third of motors are run below 50%
load

United States Industrial Motor Systems Marketing Assessment Executive Summary, U.S. Department of Energy, December 1998
Motor Decisions Matter web site
“Introduction to Premium Efficiency Motors" - by the Copper Development Association

2015 Electric Power Research Insiute, Inc. Al fights reserved EPE | ik

Induction Motor Losses (1)

. " ducti i ffi Y " - by th
- |nduct|0n Motor Losses Introduction to Pre[r)\;l\;Jer\"lol;n:;\rﬁnA(:ssr\;Is;;zn y the Copper
EASA, Understanding Energy Efficient Motors. [Online]. Available:
— Power Loss http://iwww.easa.com/indus/ee_399.pdf
— Magnetic Core Loss
— Friction and Windage Loss Motor Losses

— Stray Load Loss
Total Losses
Type of Typical % of Losses Factors Affecting
Loss 4-Pale Motors These Losses Rotor & Stator IR Losses
e

Stator winding 351040 Stator conductor size

losses. and material

Rotor bosses 15 10 20 Rotor conductor size
and material

Stator core losses 15 1o 20 Type and quantity

of magnetic materlal

Stray Load Losses
Stray load losses 10 to 15 Primarily manufacturing [

and design methods

Friction and Sto 10 Selection/design of fans Core Losses —*
windage and bearings Friction Windage ———

W 0 5D 100

MA Stdds. MG 10-1994. Tabbe 2.2,

how the typical boss distribution for medium Eduction metoes. Speed, sioe, and
T to wide variations n some of these proportions, particularly the core and ficuonand - % of Load
2015 Electric Power Research Insitute, Inc. Al righis reserved EP2I | wiliaian
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Induction Motor Losses (2)

= Power losses (also called I?R losses) and stray load losses
appear only when the motor is operating under load

= Power losses are comprised of stator and rotor I12R losses
— They are therefore more important — in terms of energy efficiency
— Stator losses may make up to 66% of power losses

= Magnetic losses can account for up to 20% of total losses

"Introduction to Premium Efficiency Motors" - by the Copper Development Association

2015 Electric Power Research Insttute, Inc. All rights reserve =PI | il aam
Typical Induction Motor Efficiency
100
/ N N
75 A
a3 /
=
2
%
= 50
3
E /
25
0
0 20 40 60 80 100
Percent rated horsepower
EASA, Understanding Energy Efficient Motors. [Online]. Available: http://www.easa.com/indus/ee_399.pdf
2015 Electric Power Research Insitute, Inc. Al rights reserve EPPI2I | s
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Efficiency Opportunity Through Motor Rewinding

= Traditional fast rewinding can decrease efficiency by 20%

= Since motors are frequently operated for 20 to 30 years, a
motor may be repaired 3 to 5 times in its service life

= For every new motor sold, approximately 2.5 motors are
repaired

= Improper rewinding can significantly decrease motor
efficiency (actual numbers vary from source to source, but in
the range of 5-20%)

= Sophisticated rewind can increase efficiency

= Improved methods of rewinding failed motors can contribute
an additional 4.8 billion kwh (DOE, 1998)

Guidelines for maintaining motor efficiency during rebuilding, Electrical Apparatus Service Association (EASA), 1999

81 Itme rowts
© 2015 Electric Power Research Instite, Inc. All ights reserved EPE | ik

Good Place to Start — Your Spare Inventory

= |ts Rarely Justifiable to replace a motor
before failure.

= Tools like DOE’s ITP Motor Master + can
help you find more efficient replacements.
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possible.

units

motor replacements.

efficient.

© 2015 Electric Power Research Institute, Inc. All rights reserved.

Example Motor Efficiency
Assessment

= Plants keeps many backup
motors in spares

=In some cases, plant replaces
process motors with like units
or rewinds for larger motors if

= Replace failed motors with like

= As plant equipment is not new,
“like” motors may not be most

1 hp, 80% => 85.5% Premium

50hp, 87.5% => 95.0% Premium

— DOE ITP Motormaster+ not being used for determining most efficient

125hp, 94.5% => 95.8% Premium

International

Example Motor Efficiency
Recommendations

= Assessment of motor efficiency of inventory is in progress from nameplate data
— Spot analysis shows that there are opportunities for energy efficiency savings
— 50 hp range may represent largest opportunity for this customer

= Recommend detailed inventory against Motor Master + and Motor Master +

— Begin procuring more efficient replacement motors
— Focus on units with highest savings/year versus motor cost
= (e.g. payback for 50hp premium efficiency motors ~3 years based on list price)

ECM No. Use Premium Efficient Motors
Costfkwh D.wulmma;«- KWh Costs
Operating Hrs/yr| 6000
Motor Loading T5% % Loaded
Motor Size [HP) W | Existing Eff. CostfYear (A) | Prem. Eif. | Cost/Year (4) [Savings/Yes| No.in Plant | Savings/Yesr
1 0. 08 10| 0855 w28 26 0 H m
5| 3. [ 1,876 | 0.917 1,790 | & 45 50 5 4797
50} a7 0.875 18,764 .95 17,262 | & 1,461 25 5 37,033
125 93.2) 045 4343 | 0958 428455  se 10 5 5804
I
A Cost par Year calculated by [kW]x (Motor Loading)x| Hours/Year|/Eticiency
8. From Motor Master Plus List
84 ] | sme rows
© 2015 Electric Power Research Institte, Inc. All ights reserved = | bt
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Remember Load Factor (% Loaded)

= Theoretical:
— kW Saved = 0.746 * hp * [(1/eff. Motor 1)- (1/eff. Motor 2)]

= Actually:
— kW Saved = 0.746 * hp * LF *[(1/eff. Motor 1)- (1/eff. Motor 2)]
— Where LF = Load Factor (percent of full load)

= |f actual load is less than 50% of its nameplate, efficiency
nameplate is meaningless.

= Part load efficiency number would be needed to calculate
accurately
—i.e. 75%, 50%, 25% load efficiencies

o 2015 Electic Power Research Instiute, 1ne. Al e resere =P | o,

Watch Out for Direct-Coupled Centrifugal Loads when
estimating energy efficiency

= Energy Efficient motors = Example: A new motor runs 10 rpm
have less slip. faster
— Motor will run a few rpm faster " Speed Ratio:

= For direct-coupled 1760/1750=1.006
centrifugal loads (Pumps " Affinity Laws:
and Fans), this can result in (N2/ Ny )*= HP2/ HP,
an increase in work output

=\When the high efficiency
motor is expected to save
from 3% to 5% of full load
hp, this can eat away at
savings.

HP,=HP; « (N1/ N, )?

Hp increase= (1.006)"3=1.02
2% Energy Use Increase

o 2015 Electic Power Research Istiute, 1ne. Al fghe resere (= =] |
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Cogged and Synchronous Belts

= Standard V-belt drives can stretch up to 3% of the original V-Belt drive
length throughout the life of the belt. ~ 93% Efficient

— If proper tension is not maintained, the required friction
can be lost and the belt can slip. When slip occurs,
additional heat is generated between the belts and
grooves.

= At the time of proper installation, V-belts can run between
95-98% efficiency. The efficiency then falls to an average of
approximately 93% during normal operation.

= Cogged V-Belt could save about 2% on energy, uses same
pulleys as V-belt, ~95% Efficient

= Synchronous belts (also called timing, positive drive or high-
torque drive belts) are on average about 5% more efficient
than standard V-belts., ~ 98% Efficient

— Require installation of mating toothed drive sprockets

Cogged Belt
Drive

~95% Efficient

Synchronous Belt Drive
~98% Efficient

Ref: US DOE Energy Tips- Motor Systems, Replaced V-Belts with Cogged or
Synchronous Belt Drives

Cogged and Synchronous Belts

ECM No. Replace V-Belt with Cogged or Synchronous Belt
Cost/kWh 0.05|Average kWh Costs
Operating Hrs/yr| 8760} Remember:
V-Belt Efficiency, 0.93|Typical Value over lifetime For Centrifuga| fans and
Cogged-Belt Efficiency 0.95|Typical Value over lifetime . P
Synchronous Belt Efficiency| 0.98|Typical Value over lifetime pUmpS, WhICh eXthIt a
Mator size 100|Total HP strong relationship between
Motor Efficiency 0.9|Percent Operating Speed and power,
Motor Power Usage 833|kw
Maotor Diversity| 100%|% of time Motor is running SynChrOnOUS belt SprOCketS
Load Diversity| 75%|Average Load must be selected that take
Net Hours Bese Loaded 5570 into account the absence of
Power Savings Cogged Belt 1.7|kw .
Power Savings Synchronous Belt 4.2)kwW Sllppage.
Yearly Energy Use with V-belt| 544,580 |kwh .
En:rgy Sag\zngs Cogged Belt 11,465 [kWh Operatlng costs could
Energy Savings Synchronous Belt 27,785 [kwh actually increase if Slippage
Estimated Vearly Savings Cogged Beltl 6 573 is reduced and a centrifugal
Estimated Yearly Savings Synchronous Belt| § 1,389 . . .
Cost/Cogged Belt| $ 250 |Site & App specific Ioad is driven at a Sllghtly
Cost/Sy Belt and Sprockets| § 1,000 |Site & App specific hlghel’ Speed-
Estimated Payback Cogged Belt 5.23|Months
Estimated Payback Synchronous Belt 9|Months

Ref: US DOE Energy Tips- Motor Systems, Replaced V-Belts with Cogged or
Synchronous Belt Drives

B

nc. All ights reserve EP2I | wiliaian
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