ITP’s Top Low- or No-Cost

Michael B. Mu
Keith A. Wood
Kelly Kissock P

Improvements
ler Rutgers University
oury, Ph.D. University of Alabama

n.D., P.E. University of Dayton

THE UNIVERSITY OF
ENGINEERING



Michael B Muller

EEEEEEEEEEEEEEEEEEEEEEE

® Mechanlcal Englneer CENTER FOR ADVANCED ENERGY STSTEMS
® Developed and maintains IAC database

® Qualified Specialist and Energy Expert in
—Steam, Pumps, Fans, & Process Heating

® Has conducted multiple ESA, IAC, and
similar style industrial energy assessments.
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http://caes.rutgers.edu/

Topics to be Covered:

® Overview of:
— Low/No Cost Improvements
—|TP Assessments

Specific LNC Improvements resulting from:
® |AC Assessments

® ESA: Steam

® ESA: Compressed Air (Keith A. Woodbury)
® ESA: Process Heating (Dr. Kelly Kissock)
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Why are these Opportunities Missed?

® Perceived Safety/Avoiding Risk
® Standard/Consistent Operation
® Distributed Responsibility

® | ack of Instrumentation

® Being Unaware of Other Options -
® Understanding

® Resistance to Change

® Comfort & Convenience

N
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How do you find these Opportunities?

Optimization

THE UNIVERSITY OF
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|JAC — Industrial Assessment Centers

., Industrial Assessment Centers 2006-2011
® Small to Medium Plants fas [ G @ 1@
% . "I"‘f';;,-_"_:_' = \\Iun‘:-" a |
® University Based S\ @ -;;j_
— Currently 26 centers “ “‘""ﬁ.,_: S

i Ranewale Energy ( & e

® 1 Day Multi-System
® Assessment Results Available Online

— 14,492 Assessments
— 105,784 Recommendations
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ESA — Energy Savings Assessments

® Designed for Large Plants
® Performed by DOE Energy System Experts

® 3 Day Single-System Assessment & Training
—Steam
—Process Heating
— Pumps
—Fans

— Compressed Air

—MU|ti_SyStem_Paper (NEW) THE UNIVERSITY OF
ALABAMA



IAC Low/No Cost Improvements
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JAC Low/No Cost Improvements

Learn More
Assessment Protocol
Glossary of Terms

Industry Classification:

8IC
MNAICS

Search By:

Agsessmenls
Recommendations

Recommendation Index

IAC Geoagraphy
Summary by State

IAC Webcast Series
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JAC Most Common

.. Average Implementation
Description chocf'd Savings Cost  Payback Ra?e

AR R O G i 2,343 | $2,761 | $17 | 0.01 45.50%
2 | 24111 | e e e ! 1,604 | $2316 | $4 0 58.29%
R T G 991 | $2,766 | $29 | 0.1 75.68%
4 | 2.7142 | Uiize Hiher Efficiency Lamps Andor 985 | $1,483 | $19 | 0.01 56.85%
5 2.6218 | Turn Off Equipment When Not In Use 715 $5,756 $6 0 60.56%
6 | 23131 | Reschedule Plant Operations Or Reduce 696 | $9,399 | $1 0 39.51%
It T el AR L 549 | $2,654 | $6 0 65.57%
8 | 27111 | Reduce llumination To Minimum Necessary 510 | $3,032 | $15 0.01 48.63%
it SIS e e W 494 | $3568 | $5 0 56.88%
10 | 2.4314 | Use Synthetic Lubricant 437 | $2,882 $4 0 43.71%
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Rejections

Unacceptable operating changes 12%

Not worthwhile 9%

Process and/or equipment changes 7%

Facility change 5%

Bureaucratic restrictions 5%

Risk or inconvenience to personnel 4%

Production schedule changes 3%
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Steam Low/No Cost Improvements

Reduce Boiler Pressure
Reduce Combustion Air Flow Rate
Reduce Blowdown Rate

Reduce DA Flow Rate

ncrease Condensate Recovery
® Add & Repair Insulation
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® Reduces Boiler Temperature

® Increased Boiler Efficiency :
® Suitable for oversized/over-pressured systems

® Should be adjusted in same increments and
evaluated.

® Some parts of the steam system may have
minimum pressure limitations that should be
consider (Ex. Some steam traps may blow at |
lower pressures.) QL:”,‘E’?‘NQ



Reduce Boiler Blowdown Rate

® Often high because of poor controls and/or overly
precautious operation.

® Commonly unchanged from initial settings, failing
to incorporate new water treatment and
operating conditions.

® Acts as a heat loss, even if heat exchangers and
flash recovery systems are in place.

® Can reduce electrical generation if steam has

Steam turbineSi THE UNIVERSITY OF
ALABAMA



Reduce DA Flow Rate

® DA venting is a required steam le:

® Many DA vents have an adjustabl
orifice.

® Better opportunity for larger plants.

For a DA vent operating at 0.5% of a steam flow rate 50 klb/hr, if
this could lowered to 0.1%, this would save 1,752 klb/yr
$10,500/yr at a marginal steam cost of $6 per klb

ALABAMA

FFFFFFFFFFF



Increase Condensate Recovery

® Feedwater Temp: 55°F
® Condensate Temp: 180°F
® Energy Lost: 125 Btu/lbm
® @ 2gpm=>1096 MMBtu per year
® @ S6 per MMBtu => $6,575 per year

THE UNIVERSITY OF
ALABAMA
ENGINEERING



DOE Tools and Resource
|IAC Database —

http://iac.rutgers.edu/database

DOE ITP Technical Publications —

http://www1l.eere.energy.gov/industry/bestpractices/publications.asp

DOE ITP Software Tools —

http://www1.eere.energy.gov/industry/bestpractices/software.html

DOE ITP Training —

http://www1.eere.energy.gov/industry/bestpractices/training.html

DOE ITP Industrial Assessments —

http://www1.eere.energy.gov/industry/bestpractices/plant_assessments.ht
ml
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No/Low Cost
Energy Saving Opportunities
in Compressed Air Systems

Keith A. Woodbury

Director, Alabama Industrial Assessment Center

n.. . Atabana lndistriad Assessment Conter ALABAMA
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Overview

® Compressed Air ESA
® Compressed Air Energy Saving Improvements
— Big three: éw ﬂ\
® 1. Reduce air pressure "‘”’f

® 2. Repair Leaks

® 3. Recover compressor
waste heat

— Others:

® 4. Reduce use of pneumatic tools

® 5. Reduce/eliminate inappropriate uses



Energy Savings Assessments (ESAS)

® national initiative of the
Industrial Technologies Program (ITP)

— Goal: reduce industrial energy intensity by 25%
in 10 years.

® plant annual energy consumption must be
300 billion Btu or more (about $2.5M/yr)

— |AC assessments are available to smaller
companies



ESA process

47 T, % U.S.Department of Energy
/ ' Energy Efficiency and Renewable Energy Bringing emus future where energy is

E:I-:f bl’ nd affordable

Industrial Technulugles ngram

About the Program | Program Areas | Information Resources | Financial Dppnnumhes TE[:hI'IDIDgIES ploy |
. I | B : i

Save Energy Now 18 @IS . g
® A three-day on- site VISIt focusmg on a smgle

system (e.g., compressed air)

® Energy Expert will guide assessment...
® .But plant personnel are required to actively
participate

— Training of company personnel is a significant
component of the ESA process



Compressed Air ESA

® Focus on ITP Best Practice tool AIRMaster+

® Work with plant personnel to gather data
for baseline operation

® Profile baseline operation using AIRMaster+

® Explore “Energy Efficiency Measures” using
AlRMaster+




Compressed Air Opportunities —

No Cost
1. Reduce system pressure to lowest

possible level

Interval data (14 seconds) for System (Not Assigned) and Periods (Baseline)
9/15/2008 11:47:18 PM to 9/16/2008 11:56:58 PM
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1. Reduce system pressure to
lowest possible level (cont.)

Rule of thumb: every 2 psi reduction saves 1% of
compressor input

AlRMaster+ results for 150hp compressor reducing
from 110psig to 100 psig:

Data Entry T Savings Summary

5 irr||:||E=

|:I

TOTALS 56.210 2,663 8.8 3.2 451 o 3118 0.0
1 k

Diouble-click row to view corezponding measure input data Copy To Clipboard




Compressed Air Opportunities —
Low Cost

2. Repair leaks

— Plant with no air system maintenance program
may have 20+% leaks

— Well-maintained facility may still have 10%
leaks

— Leaks are direct waste of precious resource
—Relatively inexpensive to repair



2. Repair leaks (cont.)

® Example: 2 x 250hp compressors, 8,400 hrs/yr,

average flow 500 acfm, $54,200/yr

® A|RMaster+ results if reduce leaks from 20% to 10%:

Drata Entry

E nergy
Savings, || Savings

E nergy

s 2 o - Erergy
D escription 2 avings, ks

kw'h

Savings, ¥

Simple

Payback,

FHeduce Air Leaks B1.196 3,978

TOTALS E1.196 2.378 2.5
4

Ba.4

0

3978 0.0
b

Drouble-click row ta wiew corezponding measure input data

Copy To Chpboard




Compressed Air Opportunities —
Quick RO

3. Recover Waste Heat

—only 10% to 20% of electric power of
compressor is used to raise pressure

—Remainder is dissipated as heat
— Up to 50% of this heat can be captured and put
to good use for
® Comfort heating

® Hot water heating
® Feedwater pre-heating



3. Recover Waste Heat (cont.)

® Simple example




3. Recover Waste Heat (cont.)

® Example: 125hp compressor, 4000 heating
hrs/yr, $8.00/MMBtu (gas for heating)

® Estimate 60% input power to space heat
=>» Avoided cost for heating = $7,600/yr



Compressed Air Opportunities —
Low Cost

4. Reduce use of pneumatic tools

—only 10% to 20% of electric power of
compressor is used to raise pressure

=>»air-powered tools are highly inefficient



http://www.bc4x4.com/pv/yj/rhino/images/r-5.jpg
http://www.bc4x4.com/pv/yj/rhino/images/r-5.jpg

4. Reduce use of pneumatic tools (cont.)

® Example: 150 hp compressor, 6,350 hrs/yr
operation, S0.075/kWh

=>» compressed air costs $0.28 per 1000 cf

® Example: 1.35 hp grinder uses 55 CFM air
=>» cost to operate for 1 hr = $S0.92

® Example: 1.35 hp electric grinder
=>» cost to operate for 1 hr = S0.089

93% savings



Compressed Air Opportunities —
Low Cost

5. Reduce inappropriate uses

— Because compressed air is expensive, its use
should be limited to applications for which no
alternative is reasonable

— Potentially inappropriate uses should be
eliminated



5. Reduce inappropriate uses (cont.)

Application Alternative(s)

Open blowing Broom; brush; blower/fan
Vacuum generation Dedicated vacuum pump
Personnel cooling Fractional horsepower fan

Cabinet cooling (Vortex tubes) Mechanical cooling; fans



Summary

® To reduce operational costs related to
compressed air:

1. Reduce operating pressure
2. Repair leaks
3. Recover waste heat

® Other improvements
— Reduce use of pneumatic tools
— Eliminate inappropriate uses



Low-Cost Measures for
Energy Efficient Process Heating

By

Kelly Kissock Ph.D. P.E
Director: University of Dayton Industrial Assessment

_ Center
UNIVERSITY of




Insulate Hot Surfaces

|nsulation Is best “employee”
eComes to work every day
*Does It’s job every day

*\\orks for nothing



Cover Heated Tanks

® |id or floats
® Reduces
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— Convection heat loss k&

— Radiation heat loss



Counter-flow Heat Treating

Current Design SR ﬁ v Burners
/000 0000\
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L
N
Recommended Design
/ 0000000\
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® Estimated Savings = $S40,000 /yr



Preheat Continuous Load with
Counter-flow Heat Exchange
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Counter-flow Within Zones

oooooo‘oooooc>ooooo‘oooooo

»
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2X(5¥4+ 342+ 1) =30 Teet
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»

(10+9+8+7+6+5+4+3+2+1)=55feet



Counter-flow Heat Recovery

Heat exchanger C

City transfers remaining City
water heat_ from hot vinegar water Heat exchanger
in | tocCity water. out B transfers heat
from steam to
A VAVAVANE i '
135 incoming
deg. F vinegar.
Pasteurized \ steam out
vinegar out 47—M4— PR
70°deg. \
> > :
steam In

Cool vinegar in

® \/inegar Pasteurization and Cooling



Counter-flow Heat Recovery

Heat exchanger C

City transfers remaining City
water heat_ from hot vinegar water Heat exchanger
in | tocity water. out Heat exchanger A B transfers heat
transfers heat from hot from steam to
VA VAAYAE vinegar to cool 135 incoming
incoming vinegar. deg. F vinegar.
Pasteurized \ it
VAVAVAVAN
G T o

vinegar out 47—M4
70°deg. J %\{

F
VAVAVAVAN >

> ;
steam In

Cool vinegar in

® Add Counter-flow heat exchanger
® Estimated Savings = $17,000 /yr



Heat Balance on Furnace

Flue losses

/

i
) Wall loss
/

P Furnace ZJ
5 g Opening loss
-
Gross Net —7-—- %

iLm::t fuel Affailable Useful output
';_ mliut hfat (heat to load)
Stored
3 heat

Cooling
water loss
and/or conveyor




Natural Gas Combustion
with Stoichiometric Air

CH, + 2 (O, + 3.8N,) £y

HEAT

CO,+ 2 H,0 + 7.6 N,

* Oxygen breaks CH, into CO, and H,O

 Nitrogen doesn’t react

» Heat absorbed by products: CO,, H,O and N,



Natural Gas Combustion
with Too Much Excess Air

£

CH, + 3 (0, + 3.8 N.) et
CO,+ 2 H,0 +7.6 N, + 0, + 3.8 N,

*With ‘excess’ air, heat absorbed by excess O, and N,

L owers flame temperature, heat transfer and efficiency.



Natural Gas Combustion
with ‘Correct’ Amount of Excess Air

£

CH, + 2.2 (O, + 3.8 N.) el
CO,+ 2H,0+7.6N,+0.40,+0.8N,

« About 10% ‘excess’ air, insures complete combustion

» 10% excess air = 2% O, Iin exhaust gasses
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Minimize Air Leakage Into Furnaces

Heat in
Flue
Gases ‘
Combustion Air sulpy Air Leaks
Fuel =l e




Managing Infiltration

Exfiltration
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Move Opening to Oven Floor



Managing Infiltration

Lowering Openings



Seal Furnace Openings

Openings

— Usually enable air
leakage into furnace

— Always enable
radiation loss




Use Draft Control to Balance
Pressure

Flue damper

Counterweight P :%
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Cover Charge Wells

® 2 ftx4ft open
charge well
radiates and
convects heat

® Cover charge well
with mineral fiber
insulation 75% of
time

® Savings = $1,500
/yr




Preheat Combustion Air with
Recuperator

P T 5 |1
Combusetion Air




Preheat Combustion Air
with Tube—in-Tube Heat Exchanger

Gooler Exhaust Air

—ﬂf‘"—"
all F Supply dir— = .
!
|

A

— supply Air
| - —* Preheated Supply A

t

Zall F Exhaust Air
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