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assessment?

What should be the objective of a “typica

* |f the majority of the energy use is electrical g
* Objective: identify 10-15% energy savings

* |If the majority of the energy use is thermal (natural gas) A
* Objective: identify 20-25% energy savings

* A typical one-day assessment identifies 10-12 projects

* Projects with simple payback period less than 2 years
* Longer payback periods acceptable if external grants or rebates are a possibility



Principles of Energy Management

* 80% of the energy savings potential is in the larges 20% of the process
* Focus on energy intensive processes. Consider alternative technologies.

* Focus on support equipment. Adopt best practices.
— Motors and Drives
— Air Compressors
— Steam Systems
— Process Heating
— Process Cooling
— Pumps and Fans



What are the most common recommendations?

e Data available the national IAC database:
https://iac.university/topTens

IAC CENTERS fighlignts - Resources -~ Cenlers ~  Database -~  APPLY NOW  Asklacs JSDOE - Advanced Manufacturing O LOGIN

 Data is searchable based on: i ACTopTens

Average Average  Average Imp

° L a rge sts avi N g S ARG Descrgtion Raccd Swigs  Cost.  payback R.

USE A FOSSIL FUEL ENGINE TO COGENERATE ELECTRICITY OR MOTIVE POWER: AND

1ozams oS 5 $540,562 $1,328400 635
[ ] IVI O St re CO m m e n d e d 2 41220 DEVELOP STANDARD PROCEDURES TO IMPROVE INTERNAL YIELDS 5 $327 698 $18,283 03
3 44410 INSTALL AUTOMATIC PACKING EQUIPMENT $231,909 5169180 11

. 4 35313 INCREASE AMOUNT OF WASTE RECOVERED FOR RESALE 9 5183166 80,056 06

L IVI O st I m p I e m e nte d 5 24321 UPGRADE OBSOLETE EQUIPMENT 6 $153.419 S418203 20
6 41320 PURCHASE NEW EQUIPMENT TO REDUCE MATERIAL USE / COST N $129,160 $80,877 18

° B e St a b a C k 7 2213 REPAIR OR REPLACE STEAM TRAPS 34 s10ze23 57.524 01

p y § 21224 REPLACE BOILER 5 599743 S152600 49 40.0%
$ 41110 ADD EQUIPMENT/ OPERATORS TO REDUCE PRODUCTION BOTTLENECK 8 599,658 520,155 15
o I n d u St ry 10 22622 REPLACE EXISTING CHILLER WITH HIGH EFFICIENCY MODEL 6  $85573 s207600 27

e Geography, year, etc. Contact Us = .

Please send questions and comments to- = IAC Fied Managers: Ruigers University
« IAC Student Forum




What are the most common recommendations?

e Data available the national IAC database:
https://iac.university/topTens

* Top recommendations can generally be categorized as
follows:
» Utilities
 Compressed Air
* Motors
* Lights
* Heating Systems, Steam Systems, etc.



What are the most common recommendations?

e Data available the national IAC database:
https://iac.university/recommendationTypes

TOP ARC  Description
back 2 ENERGY MANAGEMENT
back 2.2 Thermal Systems

221 STEAM
m 2.211« Traps
Condensate
Leaks and Insulation
Distillation
Maintenance
Operations

Miscellancous

Best Practices in Industrial Energy Management

Recommendations

143,170

19,968

4,111

461

864

2,470

7

59

222

28

Recommended $ Savings
$2,029,254,418
$424,396,232
$101,259,521
516,206,330
$28,391,338
546,482,473
$524,121
$3.554,574
54,780,188

$1,320,497

Average Payback (yrs)
1.8
3.0
13
0.5
1.2
1.5
1.8
0.6
0.5

2.1

Implementation Rate
51.0%
41.8%
65.3%
77.3%
53.6%
69.6%
16.7%
59.6%
47.9%

28.0%



Additional Resources:

MEASUR Software

ENERGY

Energy Efficiency &
Renewable Energy

Motors Calculators

tod officincy of an nduction motor, based on size, rotating speed and afficioncy

Percent Load Estimat

= X4 Motar Pertorman
-] "
<

Caculate percert log

meats

‘ompares the annual enery cost of differant motor dives

Compares the cost 8nd energy of rewinding a faflsd MOIOX VersLUS fepiscng & wih & new enargy-eficient model

Avallable!

¥1.0.0 @ Updat U.5. DEPARTMENT OF

Energy Efficiency
Y Renewable Ener

Treasure Hunt Example
Last modified: Sop

Reduction

Replace

DOE “Treasure Hunts”

=

Faclity Basics. Treasure Chest

Find ways to save your hard earned treasure!

Filter Calculators by Utilty Type

Existing Motor

Upgrade Motor Drive Lighting Replacement

Waste Heat

Natural Gas Reduction

9

Replace tiower mator
Process Lighting A
Insutate Hoses in Yard
et s e

Office Lighting

Turn off cooking tower

LR
Annual Savings (5]
Imglerartatsn Cost

Paypack

o
Annual Savings (§)
Imglersartatsn Cost

Payack

y Ceat Savings o

Elechicty Cont Savings

Total Cost Savings ($)

©O; Emissions Savings
ionne COz)

Al Savings 0

Natural Gas Cost Savings (5

o G Coat Sivings 0o

1600000

Misind 1467143
Annual Savings 112857

Wates Gost Savings (5)

00
690
Aol Savings 43301

Other Goat Savings (8)

o

100800

b
Aanal Savings §528

Annsal Savings 3,700




Additional Resources: DOE Sourcebooks and Tip Sheets

ENERGY |femSier®  ADVANCED MANUFACTURING
Energy Tips: MOTOR SYSTEMS

Replace V-Belts with Notched
or Synchronous Belt Drives

t Practices in Ind

Better
Plants

U.S. DEPARTMENT OF ENERGY

Compressed Air System /nfo (ard

. Eliminate inappropriate uses of compressed air
. Stabilize system pressure

. Lower pressure requirements of end uses

. Minimize compressed air leaks

. Provide compressed air of appropriate
quality for manufacturing processes

1 hp air motor = 7-8 hp of electrical power

+ 30scfm@ 90 8
psig is required
by the air motor
7-8 hp electrical
power required
for this
Annual energy
cost $1,164 (air =
motor) vs. $194 = Input Power to Electric Motor
(electric motor) 1 Shaft Power Required by Compressor

+.4,000 hrs/yr; S0.05/KW 5 Power Losses and Useful Work

Compressed Air System's Inefficiency

80% Heat of
Compression Loss

Rules of Thumb

Lowering compressor pressure setpoints
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Best Practices for Specific

Equipment



Best Practices for Motors and Drives

* Turn off equipment when not used!

e Synthetic lubricants

* Cogged or synchronized belts

e Power Factor Correction

* Preventative or Predictive Maintenance

Motor System /nfo (ard

1. Turn off motors when not in use

2. Replace standard V-belts with notched or synchronous belt drives

3. Replace standard efficient motors with energy efficient/premium
efficient motors

4. Mitigate voltage unbalance

5. Improve power factor

Annual Energy Savings for Premium
vs Standard Efficiency Motors

- Standard Efficiency | Premium Efficiency Annual
Horse- Cost
pover | o ey ek Eny | s
10 86.7 $6,884 91.7 $6,508 $375
25 89.9 516,596 93.6 $15940 | 5656
50 91.6 $32,576 94.5 $31,577 | $1,000
100 92.2 564,729 95.4 662,558 | 52,171
200 93.3 $127,931 96.2 $124,075 | $3,857

ation 8,000 hours per y

5o

Typical Motor System Losses

osses

Coupling device|
Controler Morsr s CHTMERE,
£

e i
Jone 35t 10 reduction o
w5

FerASD:

050 for
pumps and fans

Rules of Thumb: Replace Instead of Rewind If...

- Motors are standard and easy to purchase
» The process down time will be significantly reduced
«  Motor power is less than 50 hp
+ The cost of rewinding exceeds 60% of the price
of a new motor



Best Practices for Compressed Air Systems

1

2
3
4
5

COMPRESSED AIR

DO NOT USE FOR
BLOWING OFF CLOTHES

Compressed Air System /1fo (ard

Eliminate inappropriate uses of compressed air

. Stabilize system pressure

. Lower pressure requirements of end uses
. Minimize compressed air leaks

. Provide compressed air of appropriate

quality for manufacturing processes

1 hp air motor = 7-8 hp of electrical power

30 scfm @ 90 5
psig is required
by the air motor

7-8 hp electrical
power required
for this

Annual energy
cost $1,164 (air =
motor) vs. $194 Input Power to Electric Mator

(electric motor) = Shaft Power Required by Compressor
Power Losses and Useful Work

*4,000 hrs/yr; 50.05/kWh

Compressed Air System’s Inefficiency

80% Heat of
Compression Loss

<10% Productive Use

Rules of Thumb

Lowering compressor pressure setpoints
by 2 PSIG will result in ~1% savings
Lowering compressor inlet air temperature
by 10°F will result in ~2% savings.




Best Practices for Pumps and Fans

VFDs

Eliminate gear-boxes

Trim pump impellers

Motor best practices

Fan System /nfo (ard

1. Shut down fans when not needed by
manufacturing processes

2. Use VFD instead of modulating dampers
for air flow control

3. Use VFD instead of inlet guide vanes
for air flow control
Replace standard V-belts with cogged V-belts
Operate close to Best Efficiency Point

Fan Capacity Control Options

120

———- OutletVanes
— — DiscThrottle

----- Inlet Vanes
Controllable-pitch Blades
.- Speed Control

- Fanlaw

Percent of Full Load Power
2

Pump System /nfo (ard

Top 10 Energy Conservation Measures

1. Shutdown pumps when not needed by
manufacturing processes
. Operate the minimum number of pumps that
systems require
. Use VFD instead of throttle valve for flow control
. Trim or change pump impellers on oversized pumps
. Reduce pipe and valve pressure losses
. Re-tune pumping system when manufacturing process
requirements change
7. Restore internal housing clearance
8. Replace worn throat bushings, wear rings, impellers, and
pump bowls
9. Install new properly sized/selected pumps
10. Replace standard efficiency motors with NEMA
premium motors

Pump System Ene Losses
A = @ - b ]

= 3 ) U °

Electrical ~ Controller ~ Mator ~ Coupling Pump  Load

N

o b w

System Losses Losses Losses (and fan)  Modulation
Losses <1%to5% <35%to <1%to Losses Losses
Losses (forvaribale >10% >10% <25%to  (valves, etc)

<1%to 5% speed drive) >70% 0% to >50%



Best Practices for Steam Systems

Steam System /nfo (ard

Top 10 Energy Conservation Measures

1. Inspect and repair steam traps

2. Insulate steam distribution and condensate return lines
and cover heated open vessels

Install condensing economizers

Use feedwater economizers for waste heat recovery
Minimize boiler blowdown

Recover heat from boiler blowdown

[ J I n S u I a ti O n . z{frpg;;iﬁgfsfsrrf-reducing valves with backpressure

Use low-grade waste steam to power absorption chillers
9. Upgrade boilers with energy-efficient burners

10. Optimize the air-to-fuel ratio to improve combustion
efficiency

Steam Traps

Nownsw

-

e Economizers

* Optimize blowdown



Best Practices for Process Heating

Process Heating System /nfo (ard

 Combustion Efficiency

Top 10 Energy Conservation Measures

. Check and optimize burner air-to-fuel ratios

1
2
3
4
5
6.
7.

. Consider oxygen-enriched combustion

. Check and clean heat transfer surfaces

. Reduce air infiltration in furnaces

. Install furnace pressure controllers

. Reduce radiation losses from heating equipment

* Waste Heat Recovery
— Preheating
— Power generation

. Install waste heat recovery systems
on fuel-fired furnaces

oo

. Preheat combustion air

=)

. Use flue gases to preheat loads
10. Use waste heat for external processes

Energy Loss Diagram in a Fuel-Based
Process Heating System

Flue Losses

* Heat Containment

Wall Loss

Furnace Operating Loss

11

Gross Net g
Fuel Fuel Available
Input Input Heat

Useful

* Optimize batch processes

Stored Heat

Coaling Water Loss
and/or Conveyor



Best Practices for Process Cooling

Process Cooling System /nfo (ard

VFDs on Chilled Water Pumps

1. Convert chilled water systems from constant to
variable flow by replacing 3-way with 2-way control
valves and installing VFDs on distribution pumps

2. Convert condensing water systems from constant
to variable flow by installing VFDs on condensing
water pumps

3. Convert cooling tower fans from 1-speed or 2-speed
to variable speed by installing VFDs

4. Reset chilled water supply temperature setpoints
based on the process load

VFDs on Cooling Tower Fans

5. Reset condensing water entering temperature setpoints
based on the ambient wet bulb temperature

e (Clean Cooling Tower HX

* Chiller bypass operation during cool ambient conditions
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Questions
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